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The strong CP problem and axions
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❖ Dynamical solution 
employing              
results in the axion 
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Invisible axion parameter space
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Extrapolation of 
the invisible axion 
expected region

Invisible axion parameter space
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Strong CP problem and massless quarks
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Under a chiral rotation:
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<latexit sha1_base64="FyPVAjiLE/Eti1n4xHkjLd0ZzN4=">AAAB7nicbZDLSgMxFIbP1FttvVRduglWwVWZcaMboejGZQV7gXYomTTThiaZaZIplKEP4caFIm59Al/AN3Dng+ja9LLQ1h8CH/9/DjnnBDFn2rjup5NZWV1b38hu5vJb2zu7hb39mo4SRWiVRDxSjQBrypmkVcMMp41YUSwCTutB/3qS14dUaRbJOzOKqS9wV7KQEWysVRftAbpEbrtQdEvuVGgZvDkUy8dfb+/D/HelXfhodSKSCCoN4VjrpufGxk+xMoxwOs61Ek1jTPq4S5sWJRZU++l03DE6sU4HhZGyTxo0dX93pFhoPRKBrRTY9PRiNjH/y5qJCS/8lMk4MVSS2UdhwpGJ0GR31GGKEsNHFjBRzM6KSA8rTIy9UM4ewVtceRlqZyXPLXm3XrF8BTNl4RCO4BQ8OIcy3EAFqkCgD/fwCE9O7Dw4z87LrDTjzHsO4I+c1x+965Lw</latexit><latexit sha1_base64="fcxsjgKz8CEgCloIXVmCbZKYe/4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stBGCNpYRzAckR9jb7CVLdvfO3TkhhPwIGwtFbP09dv4bN8kVmvhg4PHeDDPzolQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c781hM3ViT6AccpDxUdaBELRtFJLdV7JNfE75UrftWfg6ySICcVyFHvlb+6/YRlimtkklrbCfwUwwk1KJjk01I3szylbEQHvOOoporbcDI/d0rOnNIncWJcaSRz9ffEhCprxypynYri0C57M/E/r5NhfBVOhE4z5JotFsWZJJiQ2e+kLwxnKMeOUGaEu5WwITWUoUuo5EIIll9eJc2LauBXg/ugUrvJ4yjCCZzCOQRwCTW4gzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/rbjqc=</latexit>

, then this rotation is just a shift ✓ ! ✓ � 2↵
<latexit sha1_base64="M9sEZMnds4yBl0+7CvChvbR9qO0=">AAACAnicbVC7SgNBFJ2NrxhfUSuxGQyCjWE3CFoGbSwjmAdkl3B3MpsdMvtg5q4QlmDjr9hYKGLrV9j5N04ehSYeGDiccy93zvFTKTTa9rdVWFldW98obpa2tnd298r7By2dZIrxJktkojo+aC5FzJsoUPJOqjhEvuRtf3gz8dsPXGmRxPc4SrkXwSAWgWCARuqVj1wMOQJ1MaEzel5zQaYh9MoVu2pPQZeJMycVMkejV/5y+wnLIh4jk6B117FT9HJQKJjk45KbaZ4CG8KAdw2NIeLay6cRxvTUKH0aJMq8GOlU/b2RQ6T1KPLNZAQY6kVvIv7ndTMMrrxcxGmGPGazQ0Emqck76YP2heIM5cgQYEqYv1IWggKGprWSKcFZjLxMWrWqY1edu4tK/XpeR5EckxNyRhxySerkljRIkzDySJ7JK3mznqwX6936mI0WrPnOIfkD6/MHarSWyQ==</latexit><latexit sha1_base64="M9sEZMnds4yBl0+7CvChvbR9qO0=">AAACAnicbVC7SgNBFJ2NrxhfUSuxGQyCjWE3CFoGbSwjmAdkl3B3MpsdMvtg5q4QlmDjr9hYKGLrV9j5N04ehSYeGDiccy93zvFTKTTa9rdVWFldW98obpa2tnd298r7By2dZIrxJktkojo+aC5FzJsoUPJOqjhEvuRtf3gz8dsPXGmRxPc4SrkXwSAWgWCARuqVj1wMOQJ1MaEzel5zQaYh9MoVu2pPQZeJMycVMkejV/5y+wnLIh4jk6B117FT9HJQKJjk45KbaZ4CG8KAdw2NIeLay6cRxvTUKH0aJMq8GOlU/b2RQ6T1KPLNZAQY6kVvIv7ndTMMrrxcxGmGPGazQ0Emqck76YP2heIM5cgQYEqYv1IWggKGprWSKcFZjLxMWrWqY1edu4tK/XpeR5EckxNyRhxySerkljRIkzDySJ7JK3mznqwX6936mI0WrPnOIfkD6/MHarSWyQ==</latexit><latexit sha1_base64="M9sEZMnds4yBl0+7CvChvbR9qO0=">AAACAnicbVC7SgNBFJ2NrxhfUSuxGQyCjWE3CFoGbSwjmAdkl3B3MpsdMvtg5q4QlmDjr9hYKGLrV9j5N04ehSYeGDiccy93zvFTKTTa9rdVWFldW98obpa2tnd298r7By2dZIrxJktkojo+aC5FzJsoUPJOqjhEvuRtf3gz8dsPXGmRxPc4SrkXwSAWgWCARuqVj1wMOQJ1MaEzel5zQaYh9MoVu2pPQZeJMycVMkejV/5y+wnLIh4jk6B117FT9HJQKJjk45KbaZ4CG8KAdw2NIeLay6cRxvTUKH0aJMq8GOlU/b2RQ6T1KPLNZAQY6kVvIv7ndTMMrrxcxGmGPGazQ0Emqck76YP2heIM5cgQYEqYv1IWggKGprWSKcFZjLxMWrWqY1edu4tK/XpeR5EckxNyRhxySerkljRIkzDySJ7JK3mznqwX6936mI0WrPnOIfkD6/MHarSWyQ==</latexit><latexit sha1_base64="M9sEZMnds4yBl0+7CvChvbR9qO0=">AAACAnicbVC7SgNBFJ2NrxhfUSuxGQyCjWE3CFoGbSwjmAdkl3B3MpsdMvtg5q4QlmDjr9hYKGLrV9j5N04ehSYeGDiccy93zvFTKTTa9rdVWFldW98obpa2tnd298r7By2dZIrxJktkojo+aC5FzJsoUPJOqjhEvuRtf3gz8dsPXGmRxPc4SrkXwSAWgWCARuqVj1wMOQJ1MaEzel5zQaYh9MoVu2pPQZeJMycVMkejV/5y+wnLIh4jk6B117FT9HJQKJjk45KbaZ4CG8KAdw2NIeLay6cRxvTUKH0aJMq8GOlU/b2RQ6T1KPLNZAQY6kVvIv7ndTMMrrxcxGmGPGazQ0Emqck76YP2heIM5cgQYEqYv1IWggKGprWSKcFZjLxMWrWqY1edu4tK/XpeR5EckxNyRhxySerkljRIkzDySJ7JK3mznqwX6936mI0WrPnOIfkD6/MHarSWyQ==</latexit>

➡      can be removed by field redefinition
➡ No longer physical
➡ Strong CP Problem solved

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>
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Motivation for exotic confining groups

�6

(1) Additional color interactions can 
alter the              relationship

(2) Hide massless quark in bound states

m = 0
<latexit sha1_base64="seDy4tzTkR7XLrrJ9oa1xa4mcok=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvM5cs2d07dveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THmW3kxpOrojfLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04nl08ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxZTjmKs0sKjZfFGeC2IRM3yc9rpFZMXKEMs3drYQNqKbMupBKLoRg8eVl0jyrBn41uDuv1K7zOIpwBMdwCgFcQA1uoQ4NYKDgGV7hzTPei/fufcxbC14+cwh/4H3+AEvRj/8=</latexit><latexit sha1_base64="seDy4tzTkR7XLrrJ9oa1xa4mcok=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvM5cs2d07dveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THmW3kxpOrojfLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04nl08ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxZTjmKs0sKjZfFGeC2IRM3yc9rpFZMXKEMs3drYQNqKbMupBKLoRg8eVl0jyrBn41uDuv1K7zOIpwBMdwCgFcQA1uoQ4NYKDgGV7hzTPei/fufcxbC14+cwh/4H3+AEvRj/8=</latexit><latexit sha1_base64="seDy4tzTkR7XLrrJ9oa1xa4mcok=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvM5cs2d07dveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THmW3kxpOrojfLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04nl08ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxZTjmKs0sKjZfFGeC2IRM3yc9rpFZMXKEMs3drYQNqKbMupBKLoRg8eVl0jyrBn41uDuv1K7zOIpwBMdwCgFcQA1uoQ4NYKDgGV7hzTPei/fufcxbC14+cwh/4H3+AEvRj/8=</latexit><latexit sha1_base64="seDy4tzTkR7XLrrJ9oa1xa4mcok=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvM5cs2d07dveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THmW3kxpOrojfLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04nl08ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxZTjmKs0sKjZfFGeC2IRM3yc9rpFZMXKEMs3drYQNqKbMupBKLoRg8eVl0jyrBn41uDuv1K7zOIpwBMdwCgFcQA1uoQ4NYKDgGV7hzTPei/fufcxbC14+cwh/4H3+AEvRj/8=</latexit>

m2
af

2
a ⇡ m2

⇡f
2
⇡

<latexit sha1_base64="gt3wamdqH9YMH+ysyWXsDRleWHc=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVVJhQRjBQtjkehFatrIcZ3Wqp1YtoOooj4BC6/CwgBCrMxsvA1OmgFajmTr0/+fI/v8gWBUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEiMWnjmMWyFyBFGI1IW1PNSE9IgnjASDeYXmd+955IRePoTs8EGXA0jmhIMdJG8u0a99GwAcP89pAQMn6A3PcEHUKY6Rk1fLvq1J284Cq4BVRBUS3f/vJGMU44iTRmSKm+6wg9SJHUFDMyr3iJIgLhKRqTvsEIcaIGab7OHNaMMoJhLM2JNMzV3xMp4krNeGA6OdITtexl4n9eP9Hh5SClkUg0ifDioTBhUMcwywaOqCRYs5kBhCU1f4V4giTC2iRYMSG4yyuvQqdRd526e3tebV4VcZTBCTgFZ8AFF6AJbkALtAEGj+AZvII368l6sd6tj0VrySpmjsGfsj5/AFgHmmE=</latexit><latexit sha1_base64="gt3wamdqH9YMH+ysyWXsDRleWHc=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVVJhQRjBQtjkehFatrIcZ3Wqp1YtoOooj4BC6/CwgBCrMxsvA1OmgFajmTr0/+fI/v8gWBUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEiMWnjmMWyFyBFGI1IW1PNSE9IgnjASDeYXmd+955IRePoTs8EGXA0jmhIMdJG8u0a99GwAcP89pAQMn6A3PcEHUKY6Rk1fLvq1J284Cq4BVRBUS3f/vJGMU44iTRmSKm+6wg9SJHUFDMyr3iJIgLhKRqTvsEIcaIGab7OHNaMMoJhLM2JNMzV3xMp4krNeGA6OdITtexl4n9eP9Hh5SClkUg0ifDioTBhUMcwywaOqCRYs5kBhCU1f4V4giTC2iRYMSG4yyuvQqdRd526e3tebV4VcZTBCTgFZ8AFF6AJbkALtAEGj+AZvII368l6sd6tj0VrySpmjsGfsj5/AFgHmmE=</latexit><latexit sha1_base64="gt3wamdqH9YMH+ysyWXsDRleWHc=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVVJhQRjBQtjkehFatrIcZ3Wqp1YtoOooj4BC6/CwgBCrMxsvA1OmgFajmTr0/+fI/v8gWBUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEiMWnjmMWyFyBFGI1IW1PNSE9IgnjASDeYXmd+955IRePoTs8EGXA0jmhIMdJG8u0a99GwAcP89pAQMn6A3PcEHUKY6Rk1fLvq1J284Cq4BVRBUS3f/vJGMU44iTRmSKm+6wg9SJHUFDMyr3iJIgLhKRqTvsEIcaIGab7OHNaMMoJhLM2JNMzV3xMp4krNeGA6OdITtexl4n9eP9Hh5SClkUg0ifDioTBhUMcwywaOqCRYs5kBhCU1f4V4giTC2iRYMSG4yyuvQqdRd526e3tebV4VcZTBCTgFZ8AFF6AJbkALtAEGj+AZvII368l6sd6tj0VrySpmjsGfsj5/AFgHmmE=</latexit><latexit sha1_base64="gt3wamdqH9YMH+ysyWXsDRleWHc=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVVJhQRjBQtjkehFatrIcZ3Wqp1YtoOooj4BC6/CwgBCrMxsvA1OmgFajmTr0/+fI/v8gWBUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEiMWnjmMWyFyBFGI1IW1PNSE9IgnjASDeYXmd+955IRePoTs8EGXA0jmhIMdJG8u0a99GwAcP89pAQMn6A3PcEHUKY6Rk1fLvq1J284Cq4BVRBUS3f/vJGMU44iTRmSKm+6wg9SJHUFDMyr3iJIgLhKRqTvsEIcaIGab7OHNaMMoJhLM2JNMzV3xMp4krNeGA6OdITtexl4n9eP9Hh5SClkUg0ifDioTBhUMcwywaOqCRYs5kBhCU1f4V4giTC2iRYMSG4yyuvQqdRd526e3tebV4VcZTBCTgFZ8AFF6AJbkALtAEGj+AZvII368l6sd6tj0VrySpmjsGfsj5/AFgHmmE=</latexit> !
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

+ ⇠ ⇤4
new

<latexit sha1_base64="OKFceo0aX5hrrUVk+cEIisPQPjA=">AAACA3icbVC7SgNBFJ31GeMraqfNYBAEIeyKoKVoY2ERwTwguy6zkxsdnJ1dZu6qYQnY+Cs2ForY+hN2/o2TR6GJBwYO59zDnXuiVAqDrvvtTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmehmxAxIoaCGAiU0Uw0sjiQ0otvTvt+4A21Eoi6xm0IQs2slOoIztFJY2tyjvhGxf24jbRb6CA+YK7jvXR2EpbJbcQegk8QbkTIZoRqWvvx2wrMYFHLJjGl5bopBzjQKLqFX9DMDKeO37BpalioWgwnywQ09umOVNu0k2j6FdKD+TuQsNqYbR3YyZnhjxr2++J/XyrBzFORCpRmC4sNFnUxSTGi/ENoWGjjKriWMa2H/SvkN04yjra1oS/DGT54k9f2K51a8i4Py8cmojgLZIttkl3jkkByTM1IlNcLJI3kmr+TNeXJenHfnYzg65YwyG+QPnM8ftOyXkA==</latexit><latexit sha1_base64="OKFceo0aX5hrrUVk+cEIisPQPjA=">AAACA3icbVC7SgNBFJ31GeMraqfNYBAEIeyKoKVoY2ERwTwguy6zkxsdnJ1dZu6qYQnY+Cs2ForY+hN2/o2TR6GJBwYO59zDnXuiVAqDrvvtTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmehmxAxIoaCGAiU0Uw0sjiQ0otvTvt+4A21Eoi6xm0IQs2slOoIztFJY2tyjvhGxf24jbRb6CA+YK7jvXR2EpbJbcQegk8QbkTIZoRqWvvx2wrMYFHLJjGl5bopBzjQKLqFX9DMDKeO37BpalioWgwnywQ09umOVNu0k2j6FdKD+TuQsNqYbR3YyZnhjxr2++J/XyrBzFORCpRmC4sNFnUxSTGi/ENoWGjjKriWMa2H/SvkN04yjra1oS/DGT54k9f2K51a8i4Py8cmojgLZIttkl3jkkByTM1IlNcLJI3kmr+TNeXJenHfnYzg65YwyG+QPnM8ftOyXkA==</latexit><latexit sha1_base64="OKFceo0aX5hrrUVk+cEIisPQPjA=">AAACA3icbVC7SgNBFJ31GeMraqfNYBAEIeyKoKVoY2ERwTwguy6zkxsdnJ1dZu6qYQnY+Cs2ForY+hN2/o2TR6GJBwYO59zDnXuiVAqDrvvtTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmehmxAxIoaCGAiU0Uw0sjiQ0otvTvt+4A21Eoi6xm0IQs2slOoIztFJY2tyjvhGxf24jbRb6CA+YK7jvXR2EpbJbcQegk8QbkTIZoRqWvvx2wrMYFHLJjGl5bopBzjQKLqFX9DMDKeO37BpalioWgwnywQ09umOVNu0k2j6FdKD+TuQsNqYbR3YyZnhjxr2++J/XyrBzFORCpRmC4sNFnUxSTGi/ENoWGjjKriWMa2H/SvkN04yjra1oS/DGT54k9f2K51a8i4Py8cmojgLZIttkl3jkkByTM1IlNcLJI3kmr+TNeXJenHfnYzg65YwyG+QPnM8ftOyXkA==</latexit><latexit sha1_base64="OKFceo0aX5hrrUVk+cEIisPQPjA=">AAACA3icbVC7SgNBFJ31GeMraqfNYBAEIeyKoKVoY2ERwTwguy6zkxsdnJ1dZu6qYQnY+Cs2ForY+hN2/o2TR6GJBwYO59zDnXuiVAqDrvvtTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmehmxAxIoaCGAiU0Uw0sjiQ0otvTvt+4A21Eoi6xm0IQs2slOoIztFJY2tyjvhGxf24jbRb6CA+YK7jvXR2EpbJbcQegk8QbkTIZoRqWvvx2wrMYFHLJjGl5bopBzjQKLqFX9DMDKeO37BpalioWgwnywQ09umOVNu0k2j6FdKD+TuQsNqYbR3YyZnhjxr2++J/XyrBzFORCpRmC4sNFnUxSTGi/ENoWGjjKriWMa2H/SvkN04yjra1oS/DGT54k9f2K51a8i4Py8cmojgLZIttkl3jkkByTM1IlNcLJI3kmr+TNeXJenHfnYzg65YwyG+QPnM8ftOyXkA==</latexit>

ma, fa
<latexit sha1_base64="QKdVvgW5eDIbHAkWOr41q3i+xRs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhDWGy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yRVmLJiJRnRA1EzxmLcONYJ1UMZShYA/h6GbqPzwxpXkS35txynyJg5hHnKKxUkcGeEaiAINqza27M5Bl4hWkBgWaQfWr109oJllsqECtu56bGj9HZTgVbFLpZZqlSEc4YF1LY5RM+/ns3gk5sUqfRImyFRsyU39P5Ci1HsvQdko0Q73oTcX/vG5mois/53GaGRbT+aIoE8QkZPo86XPFqBFjS5Aqbm8ldIgKqbERVWwI3uLLy6R9Xvfcund3UWtcF3GU4QiO4RQ8uIQG3EITWkBBwDO8wpvz6Lw4787HvLXkFDOH8AfO5w81W49p</latexit><latexit sha1_base64="QKdVvgW5eDIbHAkWOr41q3i+xRs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhDWGy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yRVmLJiJRnRA1EzxmLcONYJ1UMZShYA/h6GbqPzwxpXkS35txynyJg5hHnKKxUkcGeEaiAINqza27M5Bl4hWkBgWaQfWr109oJllsqECtu56bGj9HZTgVbFLpZZqlSEc4YF1LY5RM+/ns3gk5sUqfRImyFRsyU39P5Ci1HsvQdko0Q73oTcX/vG5mois/53GaGRbT+aIoE8QkZPo86XPFqBFjS5Aqbm8ldIgKqbERVWwI3uLLy6R9Xvfcund3UWtcF3GU4QiO4RQ8uIQG3EITWkBBwDO8wpvz6Lw4787HvLXkFDOH8AfO5w81W49p</latexit><latexit sha1_base64="QKdVvgW5eDIbHAkWOr41q3i+xRs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhDWGy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yRVmLJiJRnRA1EzxmLcONYJ1UMZShYA/h6GbqPzwxpXkS35txynyJg5hHnKKxUkcGeEaiAINqza27M5Bl4hWkBgWaQfWr109oJllsqECtu56bGj9HZTgVbFLpZZqlSEc4YF1LY5RM+/ns3gk5sUqfRImyFRsyU39P5Ci1HsvQdko0Q73oTcX/vG5mois/53GaGRbT+aIoE8QkZPo86XPFqBFjS5Aqbm8ldIgKqbERVWwI3uLLy6R9Xvfcund3UWtcF3GU4QiO4RQ8uIQG3EITWkBBwDO8wpvz6Lw4787HvLXkFDOH8AfO5w81W49p</latexit><latexit sha1_base64="QKdVvgW5eDIbHAkWOr41q3i+xRs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhDWGy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yRVmLJiJRnRA1EzxmLcONYJ1UMZShYA/h6GbqPzwxpXkS35txynyJg5hHnKKxUkcGeEaiAINqza27M5Bl4hWkBgWaQfWr109oJllsqECtu56bGj9HZTgVbFLpZZqlSEc4YF1LY5RM+/ns3gk5sUqfRImyFRsyU39P5Ci1HsvQdko0Q73oTcX/vG5mois/53GaGRbT+aIoE8QkZPo86XPFqBFjS5Aqbm8ldIgKqbERVWwI3uLLy6R9Xvfcund3UWtcF3GU4QiO4RQ8uIQG3EITWkBBwDO8wpvz6Lw4787HvLXkFDOH8AfO5w81W49p</latexit>

Rubakov (1997)

K. Choi, JE Kim (1985)

A. Hook, arXiv:1411.3325

Gherghetta, Nagata, Shifman, 
arXiv:1604.01127

Dimopoulos, Susskind (1979)

Berezhiani, Gianfagna, Giannotti, 
hep-ph/0009290

Dimopoulos, Hook, Huang, Marques-
Tavares, arXiv:1606.03097

MK Gaillard, B. Gavela, RH, 
P. Quilez, R. del Rey, arXiv:1805.06465

⇠ ⇤new
<latexit sha1_base64="jDWC2ep3pCvdmNPUROt04nQO5+4=">AAACAHicbVC7SgNBFJ2NrxhfUQsLm8EgWIVdEbQM2lhYRDAPyIYwO7lJhszOLjN31bBs46/YWChi62fY+TdOHoUmHhg4nHMPd+4JYikMuu63k1taXlldy68XNja3tneKu3t1EyWaQ41HMtLNgBmQQkENBUpoxhpYGEhoBMOrsd+4B21EpO5wFEM7ZH0leoIztFKneOAbEVL/xia6rOMjPGKq4CHrFEtu2Z2ALhJvRkpkhmqn+OV3I56EoJBLZkzLc2Nsp0yj4BKygp8YiBkfsj60LFUsBNNOJwdk9NgqXdqLtH0K6UT9nUhZaMwoDOxkyHBg5r2x+J/XSrB30U6FihMExaeLeomkGNFxG7QrNHCUI0sY18L+lfIB04yj7axgS/DmT14k9dOy55a927NS5XJWR54ckiNyQjxyTirkmlRJjXCSkWfySt6cJ+fFeXc+pqM5Z5bZJ3/gfP4AESKWtQ==</latexit><latexit sha1_base64="jDWC2ep3pCvdmNPUROt04nQO5+4=">AAACAHicbVC7SgNBFJ2NrxhfUQsLm8EgWIVdEbQM2lhYRDAPyIYwO7lJhszOLjN31bBs46/YWChi62fY+TdOHoUmHhg4nHMPd+4JYikMuu63k1taXlldy68XNja3tneKu3t1EyWaQ41HMtLNgBmQQkENBUpoxhpYGEhoBMOrsd+4B21EpO5wFEM7ZH0leoIztFKneOAbEVL/xia6rOMjPGKq4CHrFEtu2Z2ALhJvRkpkhmqn+OV3I56EoJBLZkzLc2Nsp0yj4BKygp8YiBkfsj60LFUsBNNOJwdk9NgqXdqLtH0K6UT9nUhZaMwoDOxkyHBg5r2x+J/XSrB30U6FihMExaeLeomkGNFxG7QrNHCUI0sY18L+lfIB04yj7axgS/DmT14k9dOy55a927NS5XJWR54ckiNyQjxyTirkmlRJjXCSkWfySt6cJ+fFeXc+pqM5Z5bZJ3/gfP4AESKWtQ==</latexit><latexit sha1_base64="jDWC2ep3pCvdmNPUROt04nQO5+4=">AAACAHicbVC7SgNBFJ2NrxhfUQsLm8EgWIVdEbQM2lhYRDAPyIYwO7lJhszOLjN31bBs46/YWChi62fY+TdOHoUmHhg4nHMPd+4JYikMuu63k1taXlldy68XNja3tneKu3t1EyWaQ41HMtLNgBmQQkENBUpoxhpYGEhoBMOrsd+4B21EpO5wFEM7ZH0leoIztFKneOAbEVL/xia6rOMjPGKq4CHrFEtu2Z2ALhJvRkpkhmqn+OV3I56EoJBLZkzLc2Nsp0yj4BKygp8YiBkfsj60LFUsBNNOJwdk9NgqXdqLtH0K6UT9nUhZaMwoDOxkyHBg5r2x+J/XSrB30U6FihMExaeLeomkGNFxG7QrNHCUI0sY18L+lfIB04yj7axgS/DmT14k9dOy55a927NS5XJWR54ckiNyQjxyTirkmlRJjXCSkWfySt6cJ+fFeXc+pqM5Z5bZJ3/gfP4AESKWtQ==</latexit>

 

Agrawal, Howe, arXiv:1706:04195

Agrawal, Howe, 1712.05803

B. Gavela, M. Ibe, P. Quilez, TT Yanagida, 
arXiv:1812.08174

J. Fuentes-Martin, M. Reig, A. 
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Massless quark content❖ Add a massless quark and a 
new gauge group

⇤̃ >> ⇤QCD

K. Choi, J. E. Kim (1985)

❖ When               confines,     forms bound states SU(Ñ)  ⇠ ⇤̃

❖ Problem: The new group has its own CP violating angle

❖ Solution:  Absorb      with a new massless quark

✓̃
<latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit>

✓̃
<latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit>
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❖ When               confines:SU(Ñ)

SU(4)L ⇥ SU(4)R ! SU(4)V
<latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit>

15 = 8 + 3 + 3̄ + 1
<latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit>

Massless quark content❖ Add another massless quark      
.     charged under �

<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

SU(Ñ)

This      becomes the dynamical axion
❖ The decay constant is near the very high confinement scale
❖ This is then a UV completion for an invisible axion

 

⌘0
<latexit sha1_base64="fGrUYKQPVn1vOKT+IuLx8LLEwB4=">AAAB7HicbZBNS8NAEIY39avWr6pHL4tF9FQSEfRY9OKxgmkLbSib7aRdutmE3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJpjn4PJGJ7oTMgBQKfBQooZNqYHEooR2O72b19hNoIxL1iJMUgpgNlYgEZ2gtvwfIzvvVmlt356Kr4BVQI4Wa/epXb5DwLAaFXDJjup6bYpAzjYJLmFZ6mYGU8TEbQteiYjGYIJ8vO6Vn1hnQKNH2KaRz9/dEzmJjJnFoO2OGI7Ncm5n/1boZRjdBLlSaISi++CjKJMWEzi6nA6GBo5xYYFwLuyvlI6YZR5tPxYbgLZ+8Cq3Lumf54arWuC3iKJMTckouiEeuSYPckybxCSeCPJNX8uYo58V5dz4WrSWnmDkmf+R8/gBqgI5p</latexit><latexit sha1_base64="fGrUYKQPVn1vOKT+IuLx8LLEwB4=">AAAB7HicbZBNS8NAEIY39avWr6pHL4tF9FQSEfRY9OKxgmkLbSib7aRdutmE3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJpjn4PJGJ7oTMgBQKfBQooZNqYHEooR2O72b19hNoIxL1iJMUgpgNlYgEZ2gtvwfIzvvVmlt356Kr4BVQI4Wa/epXb5DwLAaFXDJjup6bYpAzjYJLmFZ6mYGU8TEbQteiYjGYIJ8vO6Vn1hnQKNH2KaRz9/dEzmJjJnFoO2OGI7Ncm5n/1boZRjdBLlSaISi++CjKJMWEzi6nA6GBo5xYYFwLuyvlI6YZR5tPxYbgLZ+8Cq3Lumf54arWuC3iKJMTckouiEeuSYPckybxCSeCPJNX8uYo58V5dz4WrSWnmDkmf+R8/gBqgI5p</latexit><latexit sha1_base64="fGrUYKQPVn1vOKT+IuLx8LLEwB4=">AAAB7HicbZBNS8NAEIY39avWr6pHL4tF9FQSEfRY9OKxgmkLbSib7aRdutmE3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJpjn4PJGJ7oTMgBQKfBQooZNqYHEooR2O72b19hNoIxL1iJMUgpgNlYgEZ2gtvwfIzvvVmlt356Kr4BVQI4Wa/epXb5DwLAaFXDJjup6bYpAzjYJLmFZ6mYGU8TEbQteiYjGYIJ8vO6Vn1hnQKNH2KaRz9/dEzmJjJnFoO2OGI7Ncm5n/1boZRjdBLlSaISi++CjKJMWEzi6nA6GBo5xYYFwLuyvlI6YZR5tPxYbgLZ+8Cq3Lumf54arWuC3iKJMTckouiEeuSYPckybxCSeCPJNX8uYo58V5dz4WrSWnmDkmf+R8/gBqgI5p</latexit><latexit sha1_base64="fGrUYKQPVn1vOKT+IuLx8LLEwB4=">AAAB7HicbZBNS8NAEIY39avWr6pHL4tF9FQSEfRY9OKxgmkLbSib7aRdutmE3YlQQn+DFw+KePUHefPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJpjn4PJGJ7oTMgBQKfBQooZNqYHEooR2O72b19hNoIxL1iJMUgpgNlYgEZ2gtvwfIzvvVmlt356Kr4BVQI4Wa/epXb5DwLAaFXDJjup6bYpAzjYJLmFZ6mYGU8TEbQteiYjGYIJ8vO6Vn1hnQKNH2KaRz9/dEzmJjJnFoO2OGI7Ncm5n/1boZRjdBLlSaISi++CjKJMWEzi6nA6GBo5xYYFwLuyvlI6YZR5tPxYbgLZ+8Cq3Lumf54arWuC3iKJMTckouiEeuSYPckybxCSeCPJNX8uYo58V5dz4WrSWnmDkmf+R8/gBqgI5p</latexit>



Rachel Houtz September, 2019

Are there mass sources for all the axions?

�9

1.Add an additional color group 
to contribute to axion mass

➡ You can avoid this problem if you relate two of the     angles

2. Introduce a new     angle

3. Introduce a new axion 

4.Get stuck with a light axion again

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

 

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

➡ Otherwise, find additional mass sources for the axions

Leff 3 ⇤4
QCD cos

✓
⌘0QCD

f⇡
+

a1
f1

◆
+ ⇤4

1 cos

✓
a2
f2

◆
+ ⇤4

2 cos

✓
a3
f3

◆
+ ...

<latexit sha1_base64="yuCKvedv7l00NDO+K/Oa1yAX+IA="></latexit>
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❖ Only one massless quark

❖ Complete       copy of the SM

❖ Set up one Higgs VEV to be very large:

❖ The                 -angle doesn’t 
introduce new CP violating 
effects

Z2
<latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit>

SU(3)2
<latexit sha1_base64="10exWBPdRZbCc8gL0aJXl7DfEwE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGI0QUS2JBu6UJDt920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZWaj/41Yvzfr1frrg1dw60SrycVCBHs1/+6g0kSWMqDOFY667nJibIsDKMcDot9VJNE0zGeEi7lgocUx1k83On6MwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10HWRMJKmhgiwWRSlHRqLZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtOo1z61595eVxk0eRxFO4BSq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/tfWOfQ==</latexit><latexit sha1_base64="10exWBPdRZbCc8gL0aJXl7DfEwE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGI0QUS2JBu6UJDt920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZWaj/41Yvzfr1frrg1dw60SrycVCBHs1/+6g0kSWMqDOFY667nJibIsDKMcDot9VJNE0zGeEi7lgocUx1k83On6MwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10HWRMJKmhgiwWRSlHRqLZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtOo1z61595eVxk0eRxFO4BSq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/tfWOfQ==</latexit><latexit sha1_base64="10exWBPdRZbCc8gL0aJXl7DfEwE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGI0QUS2JBu6UJDt920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZWaj/41Yvzfr1frrg1dw60SrycVCBHs1/+6g0kSWMqDOFY667nJibIsDKMcDot9VJNE0zGeEi7lgocUx1k83On6MwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10HWRMJKmhgiwWRSlHRqLZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtOo1z61595eVxk0eRxFO4BSq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/tfWOfQ==</latexit><latexit sha1_base64="10exWBPdRZbCc8gL0aJXl7DfEwE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGI0QUS2JBu6UJDt920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZWaj/41Yvzfr1frrg1dw60SrycVCBHs1/+6g0kSWMqDOFY667nJibIsDKMcDot9VJNE0zGeEi7lgocUx1k83On6MwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10HWRMJKmhgiwWRSlHRqLZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtOo1z61595eVxk0eRxFO4BSq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/tfWOfQ==</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

⇤0
QCD � ⇤QCD

<latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit>

m0
q � mq

<latexit sha1_base64="2yV8s6GdtYtmQycflVtDfp0qnGU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuBzlAyaWYammSmSUYoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOLqb1TtPVGmWyEczSWkgcCxZxAg21vJFf3yO/DhGFvrVmlt350Kr4BVQg0LNfvXLHyQkE1QawrHWPc9NTZBjZRjhdFrxM01TTEY4pj2LEguqg3x+8xSdWWeAokTZJw2au78nciy0nojQdgpshnq5NjP/q/UyE90EOZNpZqgki0VRxpFJ0CwANGCKEsMnFjBRzN6KyBArTIyNqWJD8Ja/vArty7rn1r2Hq1rjtoijDCdwChfgwTU04B6a0AICKTzDK7w5mfPivDsfi9aSU8wcwx85nz/9fpD9</latexit><latexit sha1_base64="2yV8s6GdtYtmQycflVtDfp0qnGU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuBzlAyaWYammSmSUYoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOLqb1TtPVGmWyEczSWkgcCxZxAg21vJFf3yO/DhGFvrVmlt350Kr4BVQg0LNfvXLHyQkE1QawrHWPc9NTZBjZRjhdFrxM01TTEY4pj2LEguqg3x+8xSdWWeAokTZJw2au78nciy0nojQdgpshnq5NjP/q/UyE90EOZNpZqgki0VRxpFJ0CwANGCKEsMnFjBRzN6KyBArTIyNqWJD8Ja/vArty7rn1r2Hq1rjtoijDCdwChfgwTU04B6a0AICKTzDK7w5mfPivDsfi9aSU8wcwx85nz/9fpD9</latexit><latexit sha1_base64="2yV8s6GdtYtmQycflVtDfp0qnGU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuBzlAyaWYammSmSUYoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOLqb1TtPVGmWyEczSWkgcCxZxAg21vJFf3yO/DhGFvrVmlt350Kr4BVQg0LNfvXLHyQkE1QawrHWPc9NTZBjZRjhdFrxM01TTEY4pj2LEguqg3x+8xSdWWeAokTZJw2au78nciy0nojQdgpshnq5NjP/q/UyE90EOZNpZqgki0VRxpFJ0CwANGCKEsMnFjBRzN6KyBArTIyNqWJD8Ja/vArty7rn1r2Hq1rjtoijDCdwChfgwTU04B6a0AICKTzDK7w5mfPivDsfi9aSU8wcwx85nz/9fpD9</latexit><latexit sha1_base64="2yV8s6GdtYtmQycflVtDfp0qnGU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuBzlAyaWYammSmSUYoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOLqb1TtPVGmWyEczSWkgcCxZxAg21vJFf3yO/DhGFvrVmlt350Kr4BVQg0LNfvXLHyQkE1QawrHWPc9NTZBjZRjhdFrxM01TTEY4pj2LEguqg3x+8xSdWWeAokTZJw2au78nciy0nojQdgpshnq5NjP/q/UyE90EOZNpZqgki0VRxpFJ0CwANGCKEsMnFjBRzN6KyBArTIyNqWJD8Ja/vArty7rn1r2Hq1rjtoijDCdwChfgwTU04B6a0AICKTzDK7w5mfPivDsfi9aSU8wcwx85nz/9fpD9</latexit>
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A. Hook, arXiv:1411.3325

Massless quark and a     .Z2
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➡ Bound states composed of massless quarks live at ⇤0
QCD
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Berezhiani, Gianfagna, Giannotti, hep-ph/0009290
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Color unification
❖ Instead of a discrete symmetry, 

two color groups can be related 
by unification

K. Sundermeyer (2014)

❖ A single unified color sector 
with a single CP violating angle 
in the UV

V.A. Rubakov, hep-ph/9703409

 

H. Georgi, S.L Glashow (1974)

Gherghetta, Nagata, Shifman, arXiv:1604.01127
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Color unified dynamical axion

�12

❖ Introduce massless quark 

❖ The new color group to allows      to form bound states near its 
confinement  ~TeV

❖ A bound state will be a 
dynamical axion, with its own                                           

                    relationship ma, fa
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M.K. Gaillard, M.B. Gavela, RH, P. Quilez, R. 
Del Rey, arXiv:1805.06465

❖ QCD lives inside a larger unified color group, which breaks to 
QCD and             at some high unification scale

m = 0
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SU(6)
⇤CUT����! SU(3)QCD ⇥ SU(3̃)⇥ U(1)

<latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit><latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit><latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit>
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❖ The massless quark to absorb 

the unified group’s ✓6
<latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit>

❖ Below unification scale:

 (20) ! (1, 1)(�3) + (1, 1)(+3) + (3, 3̄)(�1) + (3̄, 3)(+1)
<latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit>

 (20) ! (1, 1)(�3) + (1, 1)(+3) + (3, 3̄)(�1) + (3̄, 3)(+1)
<latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit>

 

SU(6)
⇤CUT����! SU(3)QCD ⇥ SU(3̃)⇥ U(1)

<latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit><latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit><latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit>
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The SU(6) partner fields 
need to be decoupled

U (6)
R ⌘ (u, ũ)R

<latexit sha1_base64="x3ZS4UAqQswEr08n+5YDk/4/bZo=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUFIQMKMiHoMevEYg1kgiUNPp5I06VnsJRCGnL34K148KOLVL/Dm39hZDpr4oODxXhVV9fyYM6kc59tKLS2vrK6l1zMbm1vbO/buXlVGWlCo0IhHou4TCZyFUFFMcajHAkjgc6j5/euxXxuAkCwK79QwhlZAuiHrMEqUkTz7sHKf5M7zI6+Mm/Cg2QDn9AluKsbbgDXOe2XPzjoFZwK8SNwZyaIZSp791WxHVAcQKsqJlA3XiVUrIUIxymGUaWoJMaF90oWGoSEJQLaSySsjfGyUNu5EwlSo8ET9PZGQQMph4JvOgKienPfG4n9eQ6vOZSthYawVhHS6qKM5VhEe54LbTABVfGgIoYKZWzHtEUGoMullTAju/MuLpHpacJ2Ce3uWLV7N4kijA3SEcshFF6iIblAJVRBFj+gZvaI368l6sd6tj2lryprN7KM/sD5/APfdmIQ=</latexit><latexit sha1_base64="x3ZS4UAqQswEr08n+5YDk/4/bZo=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUFIQMKMiHoMevEYg1kgiUNPp5I06VnsJRCGnL34K148KOLVL/Dm39hZDpr4oODxXhVV9fyYM6kc59tKLS2vrK6l1zMbm1vbO/buXlVGWlCo0IhHou4TCZyFUFFMcajHAkjgc6j5/euxXxuAkCwK79QwhlZAuiHrMEqUkTz7sHKf5M7zI6+Mm/Cg2QDn9AluKsbbgDXOe2XPzjoFZwK8SNwZyaIZSp791WxHVAcQKsqJlA3XiVUrIUIxymGUaWoJMaF90oWGoSEJQLaSySsjfGyUNu5EwlSo8ET9PZGQQMph4JvOgKienPfG4n9eQ6vOZSthYawVhHS6qKM5VhEe54LbTABVfGgIoYKZWzHtEUGoMullTAju/MuLpHpacJ2Ce3uWLV7N4kijA3SEcshFF6iIblAJVRBFj+gZvaI368l6sd6tj2lryprN7KM/sD5/APfdmIQ=</latexit><latexit sha1_base64="x3ZS4UAqQswEr08n+5YDk/4/bZo=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUFIQMKMiHoMevEYg1kgiUNPp5I06VnsJRCGnL34K148KOLVL/Dm39hZDpr4oODxXhVV9fyYM6kc59tKLS2vrK6l1zMbm1vbO/buXlVGWlCo0IhHou4TCZyFUFFMcajHAkjgc6j5/euxXxuAkCwK79QwhlZAuiHrMEqUkTz7sHKf5M7zI6+Mm/Cg2QDn9AluKsbbgDXOe2XPzjoFZwK8SNwZyaIZSp791WxHVAcQKsqJlA3XiVUrIUIxymGUaWoJMaF90oWGoSEJQLaSySsjfGyUNu5EwlSo8ET9PZGQQMph4JvOgKienPfG4n9eQ6vOZSthYawVhHS6qKM5VhEe54LbTABVfGgIoYKZWzHtEUGoMullTAju/MuLpHpacJ2Ce3uWLV7N4kijA3SEcshFF6iIblAJVRBFj+gZvaI368l6sd6tj2lryprN7KM/sD5/APfdmIQ=</latexit><latexit sha1_base64="x3ZS4UAqQswEr08n+5YDk/4/bZo=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUFIQMKMiHoMevEYg1kgiUNPp5I06VnsJRCGnL34K148KOLVL/Dm39hZDpr4oODxXhVV9fyYM6kc59tKLS2vrK6l1zMbm1vbO/buXlVGWlCo0IhHou4TCZyFUFFMcajHAkjgc6j5/euxXxuAkCwK79QwhlZAuiHrMEqUkTz7sHKf5M7zI6+Mm/Cg2QDn9AluKsbbgDXOe2XPzjoFZwK8SNwZyaIZSp791WxHVAcQKsqJlA3XiVUrIUIxymGUaWoJMaF90oWGoSEJQLaSySsjfGyUNu5EwlSo8ET9PZGQQMph4JvOgKienPfG4n9eQ6vOZSthYawVhHS6qKM5VhEe54LbTABVfGgIoYKZWzHtEUGoMullTAju/MuLpHpacJ2Ce3uWLV7N4kijA3SEcshFF6iIblAJVRBFj+gZvaI368l6sd6tj2lryprN7KM/sD5/APfdmIQ=</latexit>

D(6)
R ⌘ (d, d̃)R

<latexit sha1_base64="QlRyxXhgETJ6YEqm9UjcnxQv6J4=">AAACCnicbVDJSgNBEO1xjXEb9eilNQgJSJgRUY9BPXiMwSyQiUNPTyVp0rPY3RMIQ85e/BUvHhTx6hd482/sLAdNfFDweK+KqnpezJlUlvVtLCwuLa+sZtay6xubW9vmzm5NRomgUKURj0TDIxI4C6GqmOLQiAWQwONQ93pXI7/eByFZFN6pQQytgHRC1maUKC255sH1fZo/KwzdCnbgIWF9nPePsaMY9wH7uOBWXDNnFa0x8DyxpySHpii75pfjRzQJIFSUEymbthWrVkqEYpTDMOskEmJCe6QDTU1DEoBspeNXhvhIKz5uR0JXqPBY/T2RkkDKQeDpzoCorpz1RuJ/XjNR7YtWysI4URDSyaJ2wrGK8CgX7DMBVPGBJoQKpm/FtEsEoUqnl9Uh2LMvz5PaSdG2ivbtaa50OY0jg/bRIcojG52jErpBZVRFFD2iZ/SK3own48V4Nz4mrQvGdGYP/YHx+QOnP5hR</latexit><latexit sha1_base64="QlRyxXhgETJ6YEqm9UjcnxQv6J4=">AAACCnicbVDJSgNBEO1xjXEb9eilNQgJSJgRUY9BPXiMwSyQiUNPTyVp0rPY3RMIQ85e/BUvHhTx6hd482/sLAdNfFDweK+KqnpezJlUlvVtLCwuLa+sZtay6xubW9vmzm5NRomgUKURj0TDIxI4C6GqmOLQiAWQwONQ93pXI7/eByFZFN6pQQytgHRC1maUKC255sH1fZo/KwzdCnbgIWF9nPePsaMY9wH7uOBWXDNnFa0x8DyxpySHpii75pfjRzQJIFSUEymbthWrVkqEYpTDMOskEmJCe6QDTU1DEoBspeNXhvhIKz5uR0JXqPBY/T2RkkDKQeDpzoCorpz1RuJ/XjNR7YtWysI4URDSyaJ2wrGK8CgX7DMBVPGBJoQKpm/FtEsEoUqnl9Uh2LMvz5PaSdG2ivbtaa50OY0jg/bRIcojG52jErpBZVRFFD2iZ/SK3own48V4Nz4mrQvGdGYP/YHx+QOnP5hR</latexit><latexit sha1_base64="QlRyxXhgETJ6YEqm9UjcnxQv6J4=">AAACCnicbVDJSgNBEO1xjXEb9eilNQgJSJgRUY9BPXiMwSyQiUNPTyVp0rPY3RMIQ85e/BUvHhTx6hd482/sLAdNfFDweK+KqnpezJlUlvVtLCwuLa+sZtay6xubW9vmzm5NRomgUKURj0TDIxI4C6GqmOLQiAWQwONQ93pXI7/eByFZFN6pQQytgHRC1maUKC255sH1fZo/KwzdCnbgIWF9nPePsaMY9wH7uOBWXDNnFa0x8DyxpySHpii75pfjRzQJIFSUEymbthWrVkqEYpTDMOskEmJCe6QDTU1DEoBspeNXhvhIKz5uR0JXqPBY/T2RkkDKQeDpzoCorpz1RuJ/XjNR7YtWysI4URDSyaJ2wrGK8CgX7DMBVPGBJoQKpm/FtEsEoUqnl9Uh2LMvz5PaSdG2ivbtaa50OY0jg/bRIcojG52jErpBZVRFFD2iZ/SK3own48V4Nz4mrQvGdGYP/YHx+QOnP5hR</latexit><latexit sha1_base64="QlRyxXhgETJ6YEqm9UjcnxQv6J4=">AAACCnicbVDJSgNBEO1xjXEb9eilNQgJSJgRUY9BPXiMwSyQiUNPTyVp0rPY3RMIQ85e/BUvHhTx6hd482/sLAdNfFDweK+KqnpezJlUlvVtLCwuLa+sZtay6xubW9vmzm5NRomgUKURj0TDIxI4C6GqmOLQiAWQwONQ93pXI7/eByFZFN6pQQytgHRC1maUKC255sH1fZo/KwzdCnbgIWF9nPePsaMY9wH7uOBWXDNnFa0x8DyxpySHpii75pfjRzQJIFSUEymbthWrVkqEYpTDMOskEmJCe6QDTU1DEoBspeNXhvhIKz5uR0JXqPBY/T2RkkDKQeDpzoCorpz1RuJ/XjNR7YtWysI4URDSyaJ2wrGK8CgX7DMBVPGBJoQKpm/FtEsEoUqnl9Uh2LMvz5PaSdG2ivbtaa50OY0jg/bRIcojG52jErpBZVRFFD2iZ/SK3own48V4Nz4mrQvGdGYP/YHx+QOnP5hR</latexit>

Q(6)
L ⌘ (q, q̃)L

<latexit sha1_base64="oaweCKJRG+st/luatlhqenR9dsk=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkIGFXRC2DNhYpEjAPSOIyO3s3GTL7yMxsICypbfwVGwtFbP0CO//GyaPQxAMXDufcy733OBFnUpnmt5FaWV1b30hvZra2d3b3svsHdRnGgkKNhjwUTYdI4CyAmmKKQzMSQHyHQ8Pp3078xhCEZGFwr0YRdHzSDZjHKFFasrPH1Yckf1kY22XchkHMhjg/OMNtxbgLeIALdtnO5syiOQVeJtac5NAcFTv71XZDGvsQKMqJlC3LjFQnIUIxymGcaccSIkL7pAstTQPig+wk01fG+FQrLvZCoStQeKr+nkiIL+XId3SnT1RPLnoT8T+vFSvvupOwIIoVBHS2yIs5ViGe5IJdJoAqPtKEUMH0rZj2iCBU6fQyOgRr8eVlUj8vWmbRql7kSjfzONLoCJ2gPLLQFSqhO1RBNUTRI3pGr+jNeDJejHfjY9aaMuYzh+gPjM8f0iWYbA==</latexit><latexit sha1_base64="oaweCKJRG+st/luatlhqenR9dsk=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkIGFXRC2DNhYpEjAPSOIyO3s3GTL7yMxsICypbfwVGwtFbP0CO//GyaPQxAMXDufcy733OBFnUpnmt5FaWV1b30hvZra2d3b3svsHdRnGgkKNhjwUTYdI4CyAmmKKQzMSQHyHQ8Pp3078xhCEZGFwr0YRdHzSDZjHKFFasrPH1Yckf1kY22XchkHMhjg/OMNtxbgLeIALdtnO5syiOQVeJtac5NAcFTv71XZDGvsQKMqJlC3LjFQnIUIxymGcaccSIkL7pAstTQPig+wk01fG+FQrLvZCoStQeKr+nkiIL+XId3SnT1RPLnoT8T+vFSvvupOwIIoVBHS2yIs5ViGe5IJdJoAqPtKEUMH0rZj2iCBU6fQyOgRr8eVlUj8vWmbRql7kSjfzONLoCJ2gPLLQFSqhO1RBNUTRI3pGr+jNeDJejHfjY9aaMuYzh+gPjM8f0iWYbA==</latexit><latexit sha1_base64="oaweCKJRG+st/luatlhqenR9dsk=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkIGFXRC2DNhYpEjAPSOIyO3s3GTL7yMxsICypbfwVGwtFbP0CO//GyaPQxAMXDufcy733OBFnUpnmt5FaWV1b30hvZra2d3b3svsHdRnGgkKNhjwUTYdI4CyAmmKKQzMSQHyHQ8Pp3078xhCEZGFwr0YRdHzSDZjHKFFasrPH1Yckf1kY22XchkHMhjg/OMNtxbgLeIALdtnO5syiOQVeJtac5NAcFTv71XZDGvsQKMqJlC3LjFQnIUIxymGcaccSIkL7pAstTQPig+wk01fG+FQrLvZCoStQeKr+nkiIL+XId3SnT1RPLnoT8T+vFSvvupOwIIoVBHS2yIs5ViGe5IJdJoAqPtKEUMH0rZj2iCBU6fQyOgRr8eVlUj8vWmbRql7kSjfzONLoCJ2gPLLQFSqhO1RBNUTRI3pGr+jNeDJejHfjY9aaMuYzh+gPjM8f0iWYbA==</latexit><latexit sha1_base64="oaweCKJRG+st/luatlhqenR9dsk=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkIGFXRC2DNhYpEjAPSOIyO3s3GTL7yMxsICypbfwVGwtFbP0CO//GyaPQxAMXDufcy733OBFnUpnmt5FaWV1b30hvZra2d3b3svsHdRnGgkKNhjwUTYdI4CyAmmKKQzMSQHyHQ8Pp3078xhCEZGFwr0YRdHzSDZjHKFFasrPH1Yckf1kY22XchkHMhjg/OMNtxbgLeIALdtnO5syiOQVeJtac5NAcFTv71XZDGvsQKMqJlC3LjFQnIUIxymGcaccSIkL7pAstTQPig+wk01fG+FQrLvZCoStQeKr+nkiIL+XId3SnT1RPLnoT8T+vFSvvupOwIIoVBHS2yIs5ViGe5IJdJoAqPtKEUMH0rZj2iCBU6fQyOgRr8eVlUj8vWmbRql7kSjfzONLoCJ2gPLLQFSqhO1RBNUTRI3pGr+jNeDJejHfjY9aaMuYzh+gPjM8f0iWYbA==</latexit>

1. Equal mass partners are phenomenologically forbidden 
2. The partner fields need to decouple in order to separate the 

running of               and  

We embed the SM quarks in  
,    representations of SU(6):

mq̃ > mq
<latexit sha1_base64="sbTTFGq+TTSPsC1QnNmS7YI2pmc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUk6MxFCiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5AwqrTjfFuVtfWNza3qdm1nd2//wD486qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTG5nfu+RSEVj8aCzhHgcjQSNKEbaSL5d534+1JSFJJ8WBbyG3J/6dsNpOnPAVeKWpAFKtH37axjGOOVEaMyQUgPXSbSXI6kpZqSoDVNFEoQnaEQGhgrEifLy+fEFPDVKCKNYmhIaztXfEzniSmU8MJ0c6bFa9mbif94g1dGVl1ORpJoIvFgUpQzqGM6SgCGVBGuWGYKwpOZWiMdIIqxNXjUTgrv88irpnjddp+neXzRaN2UcVXAMTsAZcMElaIE70AYdgEEGnsEreLOerBfr3fpYtFascqYO/sD6/AGmW5S/</latexit><latexit sha1_base64="sbTTFGq+TTSPsC1QnNmS7YI2pmc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUk6MxFCiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5AwqrTjfFuVtfWNza3qdm1nd2//wD486qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTG5nfu+RSEVj8aCzhHgcjQSNKEbaSL5d534+1JSFJJ8WBbyG3J/6dsNpOnPAVeKWpAFKtH37axjGOOVEaMyQUgPXSbSXI6kpZqSoDVNFEoQnaEQGhgrEifLy+fEFPDVKCKNYmhIaztXfEzniSmU8MJ0c6bFa9mbif94g1dGVl1ORpJoIvFgUpQzqGM6SgCGVBGuWGYKwpOZWiMdIIqxNXjUTgrv88irpnjddp+neXzRaN2UcVXAMTsAZcMElaIE70AYdgEEGnsEreLOerBfr3fpYtFascqYO/sD6/AGmW5S/</latexit><latexit sha1_base64="sbTTFGq+TTSPsC1QnNmS7YI2pmc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUk6MxFCiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5AwqrTjfFuVtfWNza3qdm1nd2//wD486qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTG5nfu+RSEVj8aCzhHgcjQSNKEbaSL5d534+1JSFJJ8WBbyG3J/6dsNpOnPAVeKWpAFKtH37axjGOOVEaMyQUgPXSbSXI6kpZqSoDVNFEoQnaEQGhgrEifLy+fEFPDVKCKNYmhIaztXfEzniSmU8MJ0c6bFa9mbif94g1dGVl1ORpJoIvFgUpQzqGM6SgCGVBGuWGYKwpOZWiMdIIqxNXjUTgrv88irpnjddp+neXzRaN2UcVXAMTsAZcMElaIE70AYdgEEGnsEreLOerBfr3fpYtFascqYO/sD6/AGmW5S/</latexit><latexit sha1_base64="sbTTFGq+TTSPsC1QnNmS7YI2pmc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUk6MxFCiL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5AwqrTjfFuVtfWNza3qdm1nd2//wD486qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTG5nfu+RSEVj8aCzhHgcjQSNKEbaSL5d534+1JSFJJ8WBbyG3J/6dsNpOnPAVeKWpAFKtH37axjGOOVEaMyQUgPXSbSXI6kpZqSoDVNFEoQnaEQGhgrEifLy+fEFPDVKCKNYmhIaztXfEzniSmU8MJ0c6bFa9mbif94g1dGVl1ORpJoIvFgUpQzqGM6SgCGVBGuWGYKwpOZWiMdIIqxNXjUTgrv88irpnjddp+neXzRaN2UcVXAMTsAZcMElaIE70AYdgEEGnsEreLOerBfr3fpYtFascqYO/sD6/AGmW5S/</latexit>

SU(3)c
<latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit>

SU(3̃)
<latexit sha1_base64="dfVm5grVUthDY3wyGevqtlkpGPc=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWNF0xbaUDababt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwoeJUUvRozGPZCohCzgR6mmmOrUQiiQKOzWB4O/WbI5SKxeJRjxP0I9IXrMco0UbyH7xKRzMeYnYxOeuWyk7VmcFeJm5OypCj3i19dcKYphEKTTlRqu06ifYzIjWjHCfFTqowIXRI+tg2VJAIlZ/Njp7Yp0YJ7V4sTQltz9TfExmJlBpHgemMiB6oRW8q/ue1U9279jMmklSjoPNFvZTbOranCdghk0g1HxtCqGTmVpsOiCRUm5yKJgR38eVl0jivuk7Vvb8s127yOApwDCdQAReuoAZ3UAcPKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD/SHkY4=</latexit><latexit sha1_base64="dfVm5grVUthDY3wyGevqtlkpGPc=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWNF0xbaUDababt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwoeJUUvRozGPZCohCzgR6mmmOrUQiiQKOzWB4O/WbI5SKxeJRjxP0I9IXrMco0UbyH7xKRzMeYnYxOeuWyk7VmcFeJm5OypCj3i19dcKYphEKTTlRqu06ifYzIjWjHCfFTqowIXRI+tg2VJAIlZ/Njp7Yp0YJ7V4sTQltz9TfExmJlBpHgemMiB6oRW8q/ue1U9279jMmklSjoPNFvZTbOranCdghk0g1HxtCqGTmVpsOiCRUm5yKJgR38eVl0jivuk7Vvb8s127yOApwDCdQAReuoAZ3UAcPKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD/SHkY4=</latexit><latexit sha1_base64="dfVm5grVUthDY3wyGevqtlkpGPc=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWNF0xbaUDababt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwoeJUUvRozGPZCohCzgR6mmmOrUQiiQKOzWB4O/WbI5SKxeJRjxP0I9IXrMco0UbyH7xKRzMeYnYxOeuWyk7VmcFeJm5OypCj3i19dcKYphEKTTlRqu06ifYzIjWjHCfFTqowIXRI+tg2VJAIlZ/Njp7Yp0YJ7V4sTQltz9TfExmJlBpHgemMiB6oRW8q/ue1U9279jMmklSjoPNFvZTbOranCdghk0g1HxtCqGTmVpsOiCRUm5yKJgR38eVl0jivuk7Vvb8s127yOApwDCdQAReuoAZ3UAcPKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD/SHkY4=</latexit><latexit sha1_base64="dfVm5grVUthDY3wyGevqtlkpGPc=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWNF0xbaUDababt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwoeJUUvRozGPZCohCzgR6mmmOrUQiiQKOzWB4O/WbI5SKxeJRjxP0I9IXrMco0UbyH7xKRzMeYnYxOeuWyk7VmcFeJm5OypCj3i19dcKYphEKTTlRqu06ifYzIjWjHCfFTqowIXRI+tg2VJAIlZ/Njp7Yp0YJ7V4sTQltz9TfExmJlBpHgemMiB6oRW8q/ue1U9279jMmklSjoPNFvZTbOranCdghk0g1HxtCqGTmVpsOiCRUm5yKJgR38eVl0jivuk7Vvb8s127yOApwDCdQAReuoAZ3UAcPKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD/SHkY4=</latexit>

⇤
<latexit sha1_base64="09JVHmXv0mRjlWFDVYprK9+z8Ds=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOT2WTIPJaZWTEs+QUvHhTx6g9582+cTfagiQUNRVU33V1Rwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rc5n7nkWrDlHyw04SGAo8kixnBNpf6DfU0qFT9mj8HWiVBQapQoDmofPWHiqSCSks4NqYX+IkNM6wtI5zOyv3U0ASTCR7RnqMSC2rCbH7rDJ07ZYhipV1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYTFJLJVksilOOrEL542jINCWWTx3BRDN3KyJjrDGxLp6yCyFYfnmVtC9rgV8L7q+q9UYRRwlO4QwuIIBrqMMdNKEFBMbwDK/w5gnvxXv3Phata14xcwJ/4H3+AO7Ejic=</latexit><latexit sha1_base64="09JVHmXv0mRjlWFDVYprK9+z8Ds=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOT2WTIPJaZWTEs+QUvHhTx6g9582+cTfagiQUNRVU33V1Rwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rc5n7nkWrDlHyw04SGAo8kixnBNpf6DfU0qFT9mj8HWiVBQapQoDmofPWHiqSCSks4NqYX+IkNM6wtI5zOyv3U0ASTCR7RnqMSC2rCbH7rDJ07ZYhipV1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYTFJLJVksilOOrEL542jINCWWTx3BRDN3KyJjrDGxLp6yCyFYfnmVtC9rgV8L7q+q9UYRRwlO4QwuIIBrqMMdNKEFBMbwDK/w5gnvxXv3Phata14xcwJ/4H3+AO7Ejic=</latexit><latexit sha1_base64="09JVHmXv0mRjlWFDVYprK9+z8Ds=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOT2WTIPJaZWTEs+QUvHhTx6g9582+cTfagiQUNRVU33V1Rwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rc5n7nkWrDlHyw04SGAo8kixnBNpf6DfU0qFT9mj8HWiVBQapQoDmofPWHiqSCSks4NqYX+IkNM6wtI5zOyv3U0ASTCR7RnqMSC2rCbH7rDJ07ZYhipV1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYTFJLJVksilOOrEL542jINCWWTx3BRDN3KyJjrDGxLp6yCyFYfnmVtC9rgV8L7q+q9UYRRwlO4QwuIIBrqMMdNKEFBMbwDK/w5gnvxXv3Phata14xcwJ/4H3+AO7Ejic=</latexit><latexit sha1_base64="09JVHmXv0mRjlWFDVYprK9+z8Ds=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOT2WTIPJaZWTEs+QUvHhTx6g9582+cTfagiQUNRVU33V1Rwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rc5n7nkWrDlHyw04SGAo8kixnBNpf6DfU0qFT9mj8HWiVBQapQoDmofPWHiqSCSks4NqYX+IkNM6wtI5zOyv3U0ASTCR7RnqMSC2rCbH7rDJ07ZYhipV1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYTFJLJVksilOOrEL542jINCWWTx3BRDN3KyJjrDGxLp6yCyFYfnmVtC9rgV8L7q+q9UYRRwlO4QwuIIBrqMMdNKEFBMbwDK/w5gnvxXv3Phata14xcwJ/4H3+AO7Ejic=</latexit>

mũ > mu
<latexit sha1_base64="WuSUP+pClASgRb6lE6j6B3V1WXA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUmYh1BC/BU3LhRx64e482+ctllo64ELh3Pu5d57ooxRpT3v26msrW9sblW3azu7e/sH7uFRV6VGYtLBKUtlP0KKMCpIR1PNSD+TBPGIkV40uZ35vUciFU3Fg55mJOBoJGhCMdJWCt06D/OhpiwmuSkKeA15aEK34TW9OeAq8UvSACXaofs1jFNsOBEaM6TUwPcyHeRIaooZKWpDo0iG8ASNyMBSgThRQT4/voCnVolhkkpbQsO5+nsiR1ypKY9sJ0d6rJa9mfifNzA6uQpyKjKjicCLRYlhUKdwlgSMqSRYs6klCEtqb4V4jCTC2uZVsyH4yy+vku550/ea/v1Fo3VTxlEFx+AEnAEfXIIWuANt0AEYTMEzeAVvzpPz4rw7H4vWilPO1MEfOJ8/spuUxw==</latexit><latexit sha1_base64="WuSUP+pClASgRb6lE6j6B3V1WXA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUmYh1BC/BU3LhRx64e482+ctllo64ELh3Pu5d57ooxRpT3v26msrW9sblW3azu7e/sH7uFRV6VGYtLBKUtlP0KKMCpIR1PNSD+TBPGIkV40uZ35vUciFU3Fg55mJOBoJGhCMdJWCt06D/OhpiwmuSkKeA15aEK34TW9OeAq8UvSACXaofs1jFNsOBEaM6TUwPcyHeRIaooZKWpDo0iG8ASNyMBSgThRQT4/voCnVolhkkpbQsO5+nsiR1ypKY9sJ0d6rJa9mfifNzA6uQpyKjKjicCLRYlhUKdwlgSMqSRYs6klCEtqb4V4jCTC2uZVsyH4yy+vku550/ea/v1Fo3VTxlEFx+AEnAEfXIIWuANt0AEYTMEzeAVvzpPz4rw7H4vWilPO1MEfOJ8/spuUxw==</latexit><latexit sha1_base64="WuSUP+pClASgRb6lE6j6B3V1WXA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUmYh1BC/BU3LhRx64e482+ctllo64ELh3Pu5d57ooxRpT3v26msrW9sblW3azu7e/sH7uFRV6VGYtLBKUtlP0KKMCpIR1PNSD+TBPGIkV40uZ35vUciFU3Fg55mJOBoJGhCMdJWCt06D/OhpiwmuSkKeA15aEK34TW9OeAq8UvSACXaofs1jFNsOBEaM6TUwPcyHeRIaooZKWpDo0iG8ASNyMBSgThRQT4/voCnVolhkkpbQsO5+nsiR1ypKY9sJ0d6rJa9mfifNzA6uQpyKjKjicCLRYlhUKdwlgSMqSRYs6klCEtqb4V4jCTC2uZVsyH4yy+vku550/ea/v1Fo3VTxlEFx+AEnAEfXIIWuANt0AEYTMEzeAVvzpPz4rw7H4vWilPO1MEfOJ8/spuUxw==</latexit><latexit sha1_base64="WuSUP+pClASgRb6lE6j6B3V1WXA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUmYh1BC/BU3LhRx64e482+ctllo64ELh3Pu5d57ooxRpT3v26msrW9sblW3azu7e/sH7uFRV6VGYtLBKUtlP0KKMCpIR1PNSD+TBPGIkV40uZ35vUciFU3Fg55mJOBoJGhCMdJWCt06D/OhpiwmuSkKeA15aEK34TW9OeAq8UvSACXaofs1jFNsOBEaM6TUwPcyHeRIaooZKWpDo0iG8ASNyMBSgThRQT4/voCnVolhkkpbQsO5+nsiR1ypKY9sJ0d6rJa9mfifNzA6uQpyKjKjicCLRYlhUKdwlgSMqSRYs6klCEtqb4V4jCTC2uZVsyH4yy+vku550/ea/v1Fo3VTxlEFx+AEnAEfXIIWuANt0AEYTMEzeAVvzpPz4rw7H4vWilPO1MEfOJ8/spuUxw==</latexit><latexit sha1_base64="WuSUP+pClASgRb6lE6j6B3V1WXA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUmYh1BC/BU3LhRx64e482+ctllo64ELh3Pu5d57ooxRpT3v26msrW9sblW3azu7e/sH7uFRV6VGYtLBKUtlP0KKMCpIR1PNSD+TBPGIkV40uZ35vUciFU3Fg55mJOBoJGhCMdJWCt06D/OhpiwmuSkKeA15aEK34TW9OeAq8UvSACXaofs1jFNsOBEaM6TUwPcyHeRIaooZKWpDo0iG8ASNyMBSgThRQT4/voCnVolhkkpbQsO5+nsiR1ypKY9sJ0d6rJa9mfifNzA6uQpyKjKjicCLRYlhUKdwlgSMqSRYs6klCEtqb4V4jCTC2uZVsyH4yy+vku550/ea/v1Fo3VTxlEFx+AEnAEfXIIWuANt0AEYTMEzeAVvzpPz4rw7H4vWilPO1MEfOJ8/spuUxw==</latexit><latexit sha1_base64="WuSUP+pClASgRb6lE6j6B3V1WXA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EqKblxWsA9oQ5hMJu3QmUmYh1BC/BU3LhRx64e482+ctllo64ELh3Pu5d57ooxRpT3v26msrW9sblW3azu7e/sH7uFRV6VGYtLBKUtlP0KKMCpIR1PNSD+TBPGIkV40uZ35vUciFU3Fg55mJOBoJGhCMdJWCt06D/OhpiwmuSkKeA15aEK34TW9OeAq8UvSACXaofs1jFNsOBEaM6TUwPcyHeRIaooZKWpDo0iG8ASNyMBSgThRQT4/voCnVolhkkpbQsO5+nsiR1ypKY9sJ0d6rJa9mfifNzA6uQpyKjKjicCLRYlhUKdwlgSMqSRYs6klCEtqb4V4jCTC2uZVsyH4yy+vku550/ea/v1Fo3VTxlEFx+AEnAEfXIIWuANt0AEYTMEzeAVvzpPz4rw7H4vWilPO1MEfOJ8/spuUxw==</latexit>

md̃ > md
<latexit sha1_base64="9pstba4VsSKkPt18N39MN9btzwU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIoCcpevFYwX5AG8Jms2mX7iZhdyOUEP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZlbX1jc6u6XdvZ3ds/sA+PuirJJKEdkvBE9gOsKGcx7WimOe2nkmIRcNoLJrczv/dIpWJJ/KCnKfUEHsUsYgRrI/l2Xfj5UDMe0jwsCnSNhB/6dsNpOnOgVeKWpAEl2r79NQwTkgkaa8KxUgPXSbWXY6kZ4bSoDTNFU0wmeEQHhsZYUOXl8+MLdGqUEEWJNBVrNFd/T+RYKDUVgekUWI/VsjcT//MGmY6uvJzFaaZpTBaLoowjnaBZEihkkhLNp4ZgIpm5FZExlphok1fNhOAuv7xKuudN12m69xeN1k0ZRxWO4QTOwIVLaMEdtKEDBKbwDK/wZj1ZL9a79bForVjlTB3+wPr8AX6LlKU=</latexit><latexit sha1_base64="9pstba4VsSKkPt18N39MN9btzwU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIoCcpevFYwX5AG8Jms2mX7iZhdyOUEP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZlbX1jc6u6XdvZ3ds/sA+PuirJJKEdkvBE9gOsKGcx7WimOe2nkmIRcNoLJrczv/dIpWJJ/KCnKfUEHsUsYgRrI/l2Xfj5UDMe0jwsCnSNhB/6dsNpOnOgVeKWpAEl2r79NQwTkgkaa8KxUgPXSbWXY6kZ4bSoDTNFU0wmeEQHhsZYUOXl8+MLdGqUEEWJNBVrNFd/T+RYKDUVgekUWI/VsjcT//MGmY6uvJzFaaZpTBaLoowjnaBZEihkkhLNp4ZgIpm5FZExlphok1fNhOAuv7xKuudN12m69xeN1k0ZRxWO4QTOwIVLaMEdtKEDBKbwDK/wZj1ZL9a79bForVjlTB3+wPr8AX6LlKU=</latexit><latexit sha1_base64="9pstba4VsSKkPt18N39MN9btzwU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIoCcpevFYwX5AG8Jms2mX7iZhdyOUEP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZlbX1jc6u6XdvZ3ds/sA+PuirJJKEdkvBE9gOsKGcx7WimOe2nkmIRcNoLJrczv/dIpWJJ/KCnKfUEHsUsYgRrI/l2Xfj5UDMe0jwsCnSNhB/6dsNpOnOgVeKWpAEl2r79NQwTkgkaa8KxUgPXSbWXY6kZ4bSoDTNFU0wmeEQHhsZYUOXl8+MLdGqUEEWJNBVrNFd/T+RYKDUVgekUWI/VsjcT//MGmY6uvJzFaaZpTBaLoowjnaBZEihkkhLNp4ZgIpm5FZExlphok1fNhOAuv7xKuudN12m69xeN1k0ZRxWO4QTOwIVLaMEdtKEDBKbwDK/wZj1ZL9a79bForVjlTB3+wPr8AX6LlKU=</latexit><latexit sha1_base64="9pstba4VsSKkPt18N39MN9btzwU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIoCcpevFYwX5AG8Jms2mX7iZhdyOUEP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZlbX1jc6u6XdvZ3ds/sA+PuirJJKEdkvBE9gOsKGcx7WimOe2nkmIRcNoLJrczv/dIpWJJ/KCnKfUEHsUsYgRrI/l2Xfj5UDMe0jwsCnSNhB/6dsNpOnOgVeKWpAEl2r79NQwTkgkaa8KxUgPXSbWXY6kZ4bSoDTNFU0wmeEQHhsZYUOXl8+MLdGqUEEWJNBVrNFd/T+RYKDUVgekUWI/VsjcT//MGmY6uvJzFaaZpTBaLoowjnaBZEihkkhLNp4ZgIpm5FZExlphok1fNhOAuv7xKuudN12m69xeN1k0ZRxWO4QTOwIVLaMEdtKEDBKbwDK/wZj1ZL9a79bForVjlTB3+wPr8AX6LlKU=</latexit>

&
<latexit sha1_base64="07zawvgQYsCi4r387EKxeWfRZU4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh955v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVO4AA+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AxqwjRA=</latexit><latexit sha1_base64="07zawvgQYsCi4r387EKxeWfRZU4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh955v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVO4AA+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AxqwjRA=</latexit><latexit sha1_base64="07zawvgQYsCi4r387EKxeWfRZU4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh955v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVO4AA+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AxqwjRA=</latexit><latexit sha1_base64="07zawvgQYsCi4r387EKxeWfRZU4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh955v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVO4AA+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AxqwjRA=</latexit>
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➡  This requires more model building

❖ Leaving the quarks massless and in the theory when               
confines would trigger EWSB at the confinement scale

❖ Any scalar that gives              a mass 
would have to be an       .       doublet 
with a high VEV, affecting the W and 
Z boson masses 

Removing the unification partners

�15

Q(6)
L ⌘ (q, q̃)L

<latexit sha1_base64="oaweCKJRG+st/luatlhqenR9dsk=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkIGFXRC2DNhYpEjAPSOIyO3s3GTL7yMxsICypbfwVGwtFbP0CO//GyaPQxAMXDufcy733OBFnUpnmt5FaWV1b30hvZra2d3b3svsHdRnGgkKNhjwUTYdI4CyAmmKKQzMSQHyHQ8Pp3078xhCEZGFwr0YRdHzSDZjHKFFasrPH1Yckf1kY22XchkHMhjg/OMNtxbgLeIALdtnO5syiOQVeJtac5NAcFTv71XZDGvsQKMqJlC3LjFQnIUIxymGcaccSIkL7pAstTQPig+wk01fG+FQrLvZCoStQeKr+nkiIL+XId3SnT1RPLnoT8T+vFSvvupOwIIoVBHS2yIs5ViGe5IJdJoAqPtKEUMH0rZj2iCBU6fQyOgRr8eVlUj8vWmbRql7kSjfzONLoCJ2gPLLQFSqhO1RBNUTRI3pGr+jNeDJejHfjY9aaMuYzh+gPjM8f0iWYbA==</latexit><latexit sha1_base64="oaweCKJRG+st/luatlhqenR9dsk=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkIGFXRC2DNhYpEjAPSOIyO3s3GTL7yMxsICypbfwVGwtFbP0CO//GyaPQxAMXDufcy733OBFnUpnmt5FaWV1b30hvZra2d3b3svsHdRnGgkKNhjwUTYdI4CyAmmKKQzMSQHyHQ8Pp3078xhCEZGFwr0YRdHzSDZjHKFFasrPH1Yckf1kY22XchkHMhjg/OMNtxbgLeIALdtnO5syiOQVeJtac5NAcFTv71XZDGvsQKMqJlC3LjFQnIUIxymGcaccSIkL7pAstTQPig+wk01fG+FQrLvZCoStQeKr+nkiIL+XId3SnT1RPLnoT8T+vFSvvupOwIIoVBHS2yIs5ViGe5IJdJoAqPtKEUMH0rZj2iCBU6fQyOgRr8eVlUj8vWmbRql7kSjfzONLoCJ2gPLLQFSqhO1RBNUTRI3pGr+jNeDJejHfjY9aaMuYzh+gPjM8f0iWYbA==</latexit><latexit sha1_base64="oaweCKJRG+st/luatlhqenR9dsk=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkIGFXRC2DNhYpEjAPSOIyO3s3GTL7yMxsICypbfwVGwtFbP0CO//GyaPQxAMXDufcy733OBFnUpnmt5FaWV1b30hvZra2d3b3svsHdRnGgkKNhjwUTYdI4CyAmmKKQzMSQHyHQ8Pp3078xhCEZGFwr0YRdHzSDZjHKFFasrPH1Yckf1kY22XchkHMhjg/OMNtxbgLeIALdtnO5syiOQVeJtac5NAcFTv71XZDGvsQKMqJlC3LjFQnIUIxymGcaccSIkL7pAstTQPig+wk01fG+FQrLvZCoStQeKr+nkiIL+XId3SnT1RPLnoT8T+vFSvvupOwIIoVBHS2yIs5ViGe5IJdJoAqPtKEUMH0rZj2iCBU6fQyOgRr8eVlUj8vWmbRql7kSjfzONLoCJ2gPLLQFSqhO1RBNUTRI3pGr+jNeDJejHfjY9aaMuYzh+gPjM8f0iWYbA==</latexit><latexit sha1_base64="oaweCKJRG+st/luatlhqenR9dsk=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkIGFXRC2DNhYpEjAPSOIyO3s3GTL7yMxsICypbfwVGwtFbP0CO//GyaPQxAMXDufcy733OBFnUpnmt5FaWV1b30hvZra2d3b3svsHdRnGgkKNhjwUTYdI4CyAmmKKQzMSQHyHQ8Pp3078xhCEZGFwr0YRdHzSDZjHKFFasrPH1Yckf1kY22XchkHMhjg/OMNtxbgLeIALdtnO5syiOQVeJtac5NAcFTv71XZDGvsQKMqJlC3LjFQnIUIxymGcaccSIkL7pAstTQPig+wk01fG+FQrLvZCoStQeKr+nkiIL+XId3SnT1RPLnoT8T+vFSvvupOwIIoVBHS2yIs5ViGe5IJdJoAqPtKEUMH0rZj2iCBU6fQyOgRr8eVlUj8vWmbRql7kSjfzONLoCJ2gPLLQFSqhO1RBNUTRI3pGr+jNeDJejHfjY9aaMuYzh+gPjM8f0iWYbA==</latexit>

Makes things difficult q̃, ũ, d̃
<latexit sha1_base64="AIy5rV4DANdq2Q1pZoiaOoVsFWU=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARXEhJRNBl0Y3LCvYCbSiTyaQdOpnEmYlQQpZufBU3LhRx6yO4822ctgG19YeBj/+cw5nz+wlnSjvOl7WwuLS8slpaK69vbG5t2zu7TRWnktAGiXks2z5WlDNBG5ppTtuJpDjyOW35w6txvXVPpWKxuNWjhHoR7gsWMoK1sXr2QVczHtDsLj9BBaY/GOQ9u+JUnYnQPLgFVKBQvWd/doOYpBEVmnCsVMd1Eu1lWGpGOM3L3VTRBJMh7tOOQYEjqrxsckiOjowToDCW5gmNJu7viQxHSo0i33RGWA/UbG1s/lfrpDq88DImklRTQaaLwpQjHaNxKihgkhLNRwYwkcz8FZEBlphok13ZhODOnjwPzdOq61Tdm7NK7bKIowT7cAjH4MI51OAa6tAAAg/wBC/waj1az9ab9T5tXbCKmT34I+vjGwPumfU=</latexit><latexit sha1_base64="AIy5rV4DANdq2Q1pZoiaOoVsFWU=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARXEhJRNBl0Y3LCvYCbSiTyaQdOpnEmYlQQpZufBU3LhRx6yO4822ctgG19YeBj/+cw5nz+wlnSjvOl7WwuLS8slpaK69vbG5t2zu7TRWnktAGiXks2z5WlDNBG5ppTtuJpDjyOW35w6txvXVPpWKxuNWjhHoR7gsWMoK1sXr2QVczHtDsLj9BBaY/GOQ9u+JUnYnQPLgFVKBQvWd/doOYpBEVmnCsVMd1Eu1lWGpGOM3L3VTRBJMh7tOOQYEjqrxsckiOjowToDCW5gmNJu7viQxHSo0i33RGWA/UbG1s/lfrpDq88DImklRTQaaLwpQjHaNxKihgkhLNRwYwkcz8FZEBlphok13ZhODOnjwPzdOq61Tdm7NK7bKIowT7cAjH4MI51OAa6tAAAg/wBC/waj1az9ab9T5tXbCKmT34I+vjGwPumfU=</latexit><latexit sha1_base64="AIy5rV4DANdq2Q1pZoiaOoVsFWU=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARXEhJRNBl0Y3LCvYCbSiTyaQdOpnEmYlQQpZufBU3LhRx6yO4822ctgG19YeBj/+cw5nz+wlnSjvOl7WwuLS8slpaK69vbG5t2zu7TRWnktAGiXks2z5WlDNBG5ppTtuJpDjyOW35w6txvXVPpWKxuNWjhHoR7gsWMoK1sXr2QVczHtDsLj9BBaY/GOQ9u+JUnYnQPLgFVKBQvWd/doOYpBEVmnCsVMd1Eu1lWGpGOM3L3VTRBJMh7tOOQYEjqrxsckiOjowToDCW5gmNJu7viQxHSo0i33RGWA/UbG1s/lfrpDq88DImklRTQaaLwpQjHaNxKihgkhLNRwYwkcz8FZEBlphok13ZhODOnjwPzdOq61Tdm7NK7bKIowT7cAjH4MI51OAa6tAAAg/wBC/waj1az9ab9T5tXbCKmT34I+vjGwPumfU=</latexit><latexit sha1_base64="AIy5rV4DANdq2Q1pZoiaOoVsFWU=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARXEhJRNBl0Y3LCvYCbSiTyaQdOpnEmYlQQpZufBU3LhRx6yO4822ctgG19YeBj/+cw5nz+wlnSjvOl7WwuLS8slpaK69vbG5t2zu7TRWnktAGiXks2z5WlDNBG5ppTtuJpDjyOW35w6txvXVPpWKxuNWjhHoR7gsWMoK1sXr2QVczHtDsLj9BBaY/GOQ9u+JUnYnQPLgFVKBQvWd/doOYpBEVmnCsVMd1Eu1lWGpGOM3L3VTRBJMh7tOOQYEjqrxsckiOjowToDCW5gmNJu7viQxHSo0i33RGWA/UbG1s/lfrpDq88DImklRTQaaLwpQjHaNxKihgkhLNRwYwkcz8FZEBlphok13ZhODOnjwPzdOq61Tdm7NK7bKIowT7cAjH4MI51OAa6tAAAg/wBC/waj1az9ab9T5tXbCKmT34I+vjGwPumfU=</latexit>

SU(2)L
<latexit sha1_base64="jS4cPAIH+tXKOR0sOt1lZmip66g=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBC2DNhYWEb0kkBxhb7OXLNnbPXb3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrW0TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxaOZJDSI8VCwiBFsrNR+8Kv18/5dv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObnTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9/RgClKDJ9Ygoli9lZERlhhYmxCJRuCt/zyKmnVa55b8+4vKo3rPI4inMApVMGDS2jALTTBBwJjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwDb1o6W</latexit><latexit sha1_base64="jS4cPAIH+tXKOR0sOt1lZmip66g=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBC2DNhYWEb0kkBxhb7OXLNnbPXb3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrW0TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxaOZJDSI8VCwiBFsrNR+8Kv18/5dv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObnTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9/RgClKDJ9Ygoli9lZERlhhYmxCJRuCt/zyKmnVa55b8+4vKo3rPI4inMApVMGDS2jALTTBBwJjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwDb1o6W</latexit><latexit sha1_base64="jS4cPAIH+tXKOR0sOt1lZmip66g=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBC2DNhYWEb0kkBxhb7OXLNnbPXb3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrW0TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxaOZJDSI8VCwiBFsrNR+8Kv18/5dv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObnTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9/RgClKDJ9Ygoli9lZERlhhYmxCJRuCt/zyKmnVa55b8+4vKo3rPI4inMApVMGDS2jALTTBBwJjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwDb1o6W</latexit><latexit sha1_base64="jS4cPAIH+tXKOR0sOt1lZmip66g=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBC2DNhYWEb0kkBxhb7OXLNnbPXb3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrW0TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxaOZJDSI8VCwiBFsrNR+8Kv18/5dv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObnTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9/RgClKDJ9Ygoli9lZERlhhYmxCJRuCt/zyKmnVa55b8+4vKo3rPI4inMApVMGDS2jALTTBBwJjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwDb1o6W</latexit>

SU(3̃)
<latexit sha1_base64="dfVm5grVUthDY3wyGevqtlkpGPc=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWNF0xbaUDababt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwoeJUUvRozGPZCohCzgR6mmmOrUQiiQKOzWB4O/WbI5SKxeJRjxP0I9IXrMco0UbyH7xKRzMeYnYxOeuWyk7VmcFeJm5OypCj3i19dcKYphEKTTlRqu06ifYzIjWjHCfFTqowIXRI+tg2VJAIlZ/Njp7Yp0YJ7V4sTQltz9TfExmJlBpHgemMiB6oRW8q/ue1U9279jMmklSjoPNFvZTbOranCdghk0g1HxtCqGTmVpsOiCRUm5yKJgR38eVl0jivuk7Vvb8s127yOApwDCdQAReuoAZ3UAcPKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD/SHkY4=</latexit><latexit sha1_base64="dfVm5grVUthDY3wyGevqtlkpGPc=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWNF0xbaUDababt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwoeJUUvRozGPZCohCzgR6mmmOrUQiiQKOzWB4O/WbI5SKxeJRjxP0I9IXrMco0UbyH7xKRzMeYnYxOeuWyk7VmcFeJm5OypCj3i19dcKYphEKTTlRqu06ifYzIjWjHCfFTqowIXRI+tg2VJAIlZ/Njp7Yp0YJ7V4sTQltz9TfExmJlBpHgemMiB6oRW8q/ue1U9279jMmklSjoPNFvZTbOranCdghk0g1HxtCqGTmVpsOiCRUm5yKJgR38eVl0jivuk7Vvb8s127yOApwDCdQAReuoAZ3UAcPKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD/SHkY4=</latexit><latexit sha1_base64="dfVm5grVUthDY3wyGevqtlkpGPc=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWNF0xbaUDababt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwoeJUUvRozGPZCohCzgR6mmmOrUQiiQKOzWB4O/WbI5SKxeJRjxP0I9IXrMco0UbyH7xKRzMeYnYxOeuWyk7VmcFeJm5OypCj3i19dcKYphEKTTlRqu06ifYzIjWjHCfFTqowIXRI+tg2VJAIlZ/Njp7Yp0YJ7V4sTQltz9TfExmJlBpHgemMiB6oRW8q/ue1U9279jMmklSjoPNFvZTbOranCdghk0g1HxtCqGTmVpsOiCRUm5yKJgR38eVl0jivuk7Vvb8s127yOApwDCdQAReuoAZ3UAcPKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD/SHkY4=</latexit><latexit sha1_base64="dfVm5grVUthDY3wyGevqtlkpGPc=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWNF0xbaUDababt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwoeJUUvRozGPZCohCzgR6mmmOrUQiiQKOzWB4O/WbI5SKxeJRjxP0I9IXrMco0UbyH7xKRzMeYnYxOeuWyk7VmcFeJm5OypCj3i19dcKYphEKTTlRqu06ifYzIjWjHCfFTqowIXRI+tg2VJAIlZ/Njp7Yp0YJ7V4sTQltz9TfExmJlBpHgemMiB6oRW8q/ue1U9279jMmklSjoPNFvZTbOranCdghk0g1HxtCqGTmVpsOiCRUm5yKJgR38eVl0jivuk7Vvb8s127yOApwDCdQAReuoAZ3UAcPKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD/SHkY4=</latexit>

⇤̃ >> v
<latexit sha1_base64="HgWt7HG9wgyhlXLVbaKoRsDV0e8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXZWiGxcuKtgHNKFMJpN26GQSZm6KJfRX3LhQxK0/4s6/cdpmoa0HBg7n3MO9c4JUcA2O822trW9sbm2Xdsq7e/sHh/ZRpa2TTFHWoolIVDcgmgkuWQs4CNZNFSNxIFgnGN3O/M6YKc0T+QiTlPkxGUgecUrASH274gEXIfPuTSQkuF7H475ddWrOHHiVuAWpogLNvv3lhQnNYiaBCqJ1z3VS8HOigFPBpmUv0ywldEQGrGeoJDHTfj6/fYrPjBLiKFHmScBz9XciJ7HWkzgwkzGBoV72ZuJ/Xi+D6NrPuUwzYJIuFkWZwJDgWRE45IpREBNDCFXc3IrpkChCwdRVNiW4y19eJe2LmuvU3IfLauOmqKOETtApOkcuukINdIeaqIUoekLP6BW9WVPrxXq3Phaja1aROUZ/YH3+AMuAk5w=</latexit><latexit sha1_base64="HgWt7HG9wgyhlXLVbaKoRsDV0e8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXZWiGxcuKtgHNKFMJpN26GQSZm6KJfRX3LhQxK0/4s6/cdpmoa0HBg7n3MO9c4JUcA2O822trW9sbm2Xdsq7e/sHh/ZRpa2TTFHWoolIVDcgmgkuWQs4CNZNFSNxIFgnGN3O/M6YKc0T+QiTlPkxGUgecUrASH274gEXIfPuTSQkuF7H475ddWrOHHiVuAWpogLNvv3lhQnNYiaBCqJ1z3VS8HOigFPBpmUv0ywldEQGrGeoJDHTfj6/fYrPjBLiKFHmScBz9XciJ7HWkzgwkzGBoV72ZuJ/Xi+D6NrPuUwzYJIuFkWZwJDgWRE45IpREBNDCFXc3IrpkChCwdRVNiW4y19eJe2LmuvU3IfLauOmqKOETtApOkcuukINdIeaqIUoekLP6BW9WVPrxXq3Phaja1aROUZ/YH3+AMuAk5w=</latexit><latexit sha1_base64="HgWt7HG9wgyhlXLVbaKoRsDV0e8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXZWiGxcuKtgHNKFMJpN26GQSZm6KJfRX3LhQxK0/4s6/cdpmoa0HBg7n3MO9c4JUcA2O822trW9sbm2Xdsq7e/sHh/ZRpa2TTFHWoolIVDcgmgkuWQs4CNZNFSNxIFgnGN3O/M6YKc0T+QiTlPkxGUgecUrASH274gEXIfPuTSQkuF7H475ddWrOHHiVuAWpogLNvv3lhQnNYiaBCqJ1z3VS8HOigFPBpmUv0ywldEQGrGeoJDHTfj6/fYrPjBLiKFHmScBz9XciJ7HWkzgwkzGBoV72ZuJ/Xi+D6NrPuUwzYJIuFkWZwJDgWRE45IpREBNDCFXc3IrpkChCwdRVNiW4y19eJe2LmuvU3IfLauOmqKOETtApOkcuukINdIeaqIUoekLP6BW9WVPrxXq3Phaja1aROUZ/YH3+AMuAk5w=</latexit><latexit sha1_base64="HgWt7HG9wgyhlXLVbaKoRsDV0e8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXZWiGxcuKtgHNKFMJpN26GQSZm6KJfRX3LhQxK0/4s6/cdpmoa0HBg7n3MO9c4JUcA2O822trW9sbm2Xdsq7e/sHh/ZRpa2TTFHWoolIVDcgmgkuWQs4CNZNFSNxIFgnGN3O/M6YKc0T+QiTlPkxGUgecUrASH274gEXIfPuTSQkuF7H475ddWrOHHiVuAWpogLNvv3lhQnNYiaBCqJ1z3VS8HOigFPBpmUv0ywldEQGrGeoJDHTfj6/fYrPjBLiKFHmScBz9XciJ7HWkzgwkzGBoV72ZuJ/Xi+D6NrPuUwzYJIuFkWZwJDgWRE45IpREBNDCFXc3IrpkChCwdRVNiW4y19eJe2LmuvU3IfLauOmqKOETtApOkcuukINdIeaqIUoekLP6BW9WVPrxXq3Phaja1aROUZ/YH3+AMuAk5w=</latexit>

ṽ >> v
<latexit sha1_base64="3VN2FAfe2bosy4mnp//Hm34dXkQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0FMpevFYwdZCG8pms2mXbj7cnQRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzvEQKjbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epYrzNYhmrrkc1lyLibRQoeTdRnIae5I/e+HbmP2ZcaRFHDzhJuBvSYSQCwSgaye2jkD4nGWk0SDao1uy6PQdZJU5BalCgNah+9f2YpSGPkEmqdc+xE3RzqlAwyaeVfqp5QtmYDnnP0IiGXLv5/OgpOTOKT4JYmYqQzNXfEzkNtZ6EnukMKY70sjcT//N6KQbXbi6iJEUescWiIJUEYzJLgPhCcYZyYghlSphbCRtRRRmanComBGf55VXSuag7dt25v6w1b4o4ynACp3AODlxBE+6gBW1g8ATP8ApvVma9WO/Wx6K1ZBUzx/AH1ucPadaRMg==</latexit><latexit sha1_base64="3VN2FAfe2bosy4mnp//Hm34dXkQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0FMpevFYwdZCG8pms2mXbj7cnQRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzvEQKjbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epYrzNYhmrrkc1lyLibRQoeTdRnIae5I/e+HbmP2ZcaRFHDzhJuBvSYSQCwSgaye2jkD4nGWk0SDao1uy6PQdZJU5BalCgNah+9f2YpSGPkEmqdc+xE3RzqlAwyaeVfqp5QtmYDnnP0IiGXLv5/OgpOTOKT4JYmYqQzNXfEzkNtZ6EnukMKY70sjcT//N6KQbXbi6iJEUescWiIJUEYzJLgPhCcYZyYghlSphbCRtRRRmanComBGf55VXSuag7dt25v6w1b4o4ynACp3AODlxBE+6gBW1g8ATP8ApvVma9WO/Wx6K1ZBUzx/AH1ucPadaRMg==</latexit><latexit sha1_base64="3VN2FAfe2bosy4mnp//Hm34dXkQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0FMpevFYwdZCG8pms2mXbj7cnQRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzvEQKjbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epYrzNYhmrrkc1lyLibRQoeTdRnIae5I/e+HbmP2ZcaRFHDzhJuBvSYSQCwSgaye2jkD4nGWk0SDao1uy6PQdZJU5BalCgNah+9f2YpSGPkEmqdc+xE3RzqlAwyaeVfqp5QtmYDnnP0IiGXLv5/OgpOTOKT4JYmYqQzNXfEzkNtZ6EnukMKY70sjcT//N6KQbXbi6iJEUescWiIJUEYzJLgPhCcYZyYghlSphbCRtRRRmanComBGf55VXSuag7dt25v6w1b4o4ynACp3AODlxBE+6gBW1g8ATP8ApvVma9WO/Wx6K1ZBUzx/AH1ucPadaRMg==</latexit><latexit sha1_base64="3VN2FAfe2bosy4mnp//Hm34dXkQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0FMpevFYwdZCG8pms2mXbj7cnQRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzvEQKjbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epYrzNYhmrrkc1lyLibRQoeTdRnIae5I/e+HbmP2ZcaRFHDzhJuBvSYSQCwSgaye2jkD4nGWk0SDao1uy6PQdZJU5BalCgNah+9f2YpSGPkEmqdc+xE3RzqlAwyaeVfqp5QtmYDnnP0IiGXLv5/OgpOTOKT4JYmYqQzNXfEzkNtZ6EnukMKY70sjcT//N6KQbXbi6iJEUescWiIJUEYzJLgPhCcYZyYghlSphbCRtRRRmanComBGf55VXSuag7dt25v6w1b4o4ynACp3AODlxBE+6gBW1g8ATP8ApvVma9WO/Wx6K1ZBUzx/AH1ucPadaRMg==</latexit>
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⇤CUT����!
<latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit>

}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

Goal: provide a 
mechanism for 
these fields to 
form mass terms

 

SU(6)
⇤CUT����! SU(3)QCD ⇥ SU(3̃)

<latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit>
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SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>













}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

These fields pair up with the 
tilde fields to form masses

Scalar field responsible for CUT breaking

❖ We can form terms like:
q0R �⇤ QL

<latexit sha1_base64="UFEqhjxvemZizIp9qTEFHbcB9q4=">AAACEHicbVA7T8MwGHTKq5RXgJHFUKEihKoEIcFYAQMDQ4voQ2pC5LhOa9V5YDtIVdSfwMJfYWEAIVZGNv4NTpoBWk6ydL77TvZ3bsSokIbxrRXm5hcWl4rLpZXVtfUNfXOrJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru8CL12w+ECxoGt3IUEdtH/YB6FCOpJEevWKGy03Ry79xUxtA6gtYlYRLdJdbuYXZvONfQ0ctG1cgAZ4mZkzLIUXf0L6sX4tgngcQMCdE1jUjaCeKSYkbGJSsWJEJ4iPqkq2iAfCLsJFtoDPeV0oNeyNUJJMzU34kE+UKMfFdN+kgOxLSXiv953Vh6Z3ZCgyiWJMCTh7yYQRnCtB3Yo5xgyUaKIMyp+ivEA8QRlqrDkirBnF55lrSOq6ZRNRsn5dp5XkcR7IA9cABMcApq4ArUQRNg8AiewSt40560F+1d+5iMFrQ8sw3+QPv8AdTJmyE=</latexit><latexit sha1_base64="UFEqhjxvemZizIp9qTEFHbcB9q4=">AAACEHicbVA7T8MwGHTKq5RXgJHFUKEihKoEIcFYAQMDQ4voQ2pC5LhOa9V5YDtIVdSfwMJfYWEAIVZGNv4NTpoBWk6ydL77TvZ3bsSokIbxrRXm5hcWl4rLpZXVtfUNfXOrJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru8CL12w+ECxoGt3IUEdtH/YB6FCOpJEevWKGy03Ry79xUxtA6gtYlYRLdJdbuYXZvONfQ0ctG1cgAZ4mZkzLIUXf0L6sX4tgngcQMCdE1jUjaCeKSYkbGJSsWJEJ4iPqkq2iAfCLsJFtoDPeV0oNeyNUJJMzU34kE+UKMfFdN+kgOxLSXiv953Vh6Z3ZCgyiWJMCTh7yYQRnCtB3Yo5xgyUaKIMyp+ivEA8QRlqrDkirBnF55lrSOq6ZRNRsn5dp5XkcR7IA9cABMcApq4ArUQRNg8AiewSt40560F+1d+5iMFrQ8sw3+QPv8AdTJmyE=</latexit><latexit sha1_base64="UFEqhjxvemZizIp9qTEFHbcB9q4=">AAACEHicbVA7T8MwGHTKq5RXgJHFUKEihKoEIcFYAQMDQ4voQ2pC5LhOa9V5YDtIVdSfwMJfYWEAIVZGNv4NTpoBWk6ydL77TvZ3bsSokIbxrRXm5hcWl4rLpZXVtfUNfXOrJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru8CL12w+ECxoGt3IUEdtH/YB6FCOpJEevWKGy03Ry79xUxtA6gtYlYRLdJdbuYXZvONfQ0ctG1cgAZ4mZkzLIUXf0L6sX4tgngcQMCdE1jUjaCeKSYkbGJSsWJEJ4iPqkq2iAfCLsJFtoDPeV0oNeyNUJJMzU34kE+UKMfFdN+kgOxLSXiv953Vh6Z3ZCgyiWJMCTh7yYQRnCtB3Yo5xgyUaKIMyp+ivEA8QRlqrDkirBnF55lrSOq6ZRNRsn5dp5XkcR7IA9cABMcApq4ArUQRNg8AiewSt40560F+1d+5iMFrQ8sw3+QPv8AdTJmyE=</latexit><latexit sha1_base64="UFEqhjxvemZizIp9qTEFHbcB9q4=">AAACEHicbVA7T8MwGHTKq5RXgJHFUKEihKoEIcFYAQMDQ4voQ2pC5LhOa9V5YDtIVdSfwMJfYWEAIVZGNv4NTpoBWk6ydL77TvZ3bsSokIbxrRXm5hcWl4rLpZXVtfUNfXOrJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru8CL12w+ECxoGt3IUEdtH/YB6FCOpJEevWKGy03Ry79xUxtA6gtYlYRLdJdbuYXZvONfQ0ctG1cgAZ4mZkzLIUXf0L6sX4tgngcQMCdE1jUjaCeKSYkbGJSsWJEJ4iPqkq2iAfCLsJFtoDPeV0oNeyNUJJMzU34kE+UKMfFdN+kgOxLSXiv953Vh6Z3ZCgyiWJMCTh7yYQRnCtB3Yo5xgyUaKIMyp+ivEA8QRlqrDkirBnF55lrSOq6ZRNRsn5dp5XkcR7IA9cABMcApq4ArUQRNg8AiewSt40560F+1d+5iMFrQ8sw3+QPv8AdTJmyE=</latexit>
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Decoupling the SU(6) Partner Fields

�18

SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>

❖ Note that               remains unbroken in this scheme
❖ For now, we take all the         to be

L 3 ⇤CUT

⇣
qq0Rq̃L + uu

0
LũR + dd

0
Ld̃R

⌘
+ h.c.

<latexit sha1_base64="7u6lO+ckteYklVggK5XQIf9t57c="></latexit><latexit sha1_base64="7u6lO+ckteYklVggK5XQIf9t57c="></latexit><latexit sha1_base64="7u6lO+ckteYklVggK5XQIf9t57c="></latexit><latexit sha1_base64="7u6lO+ckteYklVggK5XQIf9t57c="></latexit>

SU(2)L
<latexit sha1_base64="jS4cPAIH+tXKOR0sOt1lZmip66g=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBC2DNhYWEb0kkBxhb7OXLNnbPXb3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrW0TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxaOZJDSI8VCwiBFsrNR+8Kv18/5dv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObnTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9/RgClKDJ9Ygoli9lZERlhhYmxCJRuCt/zyKmnVa55b8+4vKo3rPI4inMApVMGDS2jALTTBBwJjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwDb1o6W</latexit><latexit sha1_base64="jS4cPAIH+tXKOR0sOt1lZmip66g=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBC2DNhYWEb0kkBxhb7OXLNnbPXb3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrW0TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxaOZJDSI8VCwiBFsrNR+8Kv18/5dv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObnTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9/RgClKDJ9Ygoli9lZERlhhYmxCJRuCt/zyKmnVa55b8+4vKo3rPI4inMApVMGDS2jALTTBBwJjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwDb1o6W</latexit><latexit sha1_base64="jS4cPAIH+tXKOR0sOt1lZmip66g=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBC2DNhYWEb0kkBxhb7OXLNnbPXb3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrW0TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxaOZJDSI8VCwiBFsrNR+8Kv18/5dv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObnTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9/RgClKDJ9Ygoli9lZERlhhYmxCJRuCt/zyKmnVa55b8+4vKo3rPI4inMApVMGDS2jALTTBBwJjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwDb1o6W</latexit><latexit sha1_base64="jS4cPAIH+tXKOR0sOt1lZmip66g=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AXBC2DNhYWEb0kkBxhb7OXLNnbPXb3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRcmnGnjut9OYW19Y3OruF3a2d3bPygfHrW0TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxaOZJDSI8VCwiBFsrNR+8Kv18/5dv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObnTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs9/RgClKDJ9Ygoli9lZERlhhYmxCJRuCt/zyKmnVa55b8+4vKo3rPI4inMApVMGDS2jALTTBBwJjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwDb1o6W</latexit>

’s
<latexit sha1_base64="JHYxmxLETG2TCD+VktI80b+Vojw=">AAAB+HicbVBNS8NAEN34WetHox69LBbRU0lE0GPRi8cK9gOaUDbbTbt0s1l2J2IN/SVePCji1Z/izX/jts1BWx8MPN6bYWZepAQ34Hnfzsrq2vrGZmmrvL2zu1dx9w9aJs00ZU2ailR3ImKY4JI1gYNgHaUZSSLB2tHoZuq3H5g2PJX3MFYsTMhA8phTAlbquZVgRJQiAbBHyE/NpOdWvZo3A14mfkGqqECj534F/ZRmCZNABTGm63sKwpxo4FSwSTnIDFOEjsiAdS2VJGEmzGeHT/CJVfo4TrUtCXim/p7ISWLMOIlsZ0JgaBa9qfif180gvgpzLlUGTNL5ojgTGFI8TQH3uWYUxNgSQjW3t2I6JJpQsFmVbQj+4svLpHVe872af3dRrV8XcZTQETpGZ8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fGsCTXQ==</latexit><latexit sha1_base64="JHYxmxLETG2TCD+VktI80b+Vojw=">AAAB+HicbVBNS8NAEN34WetHox69LBbRU0lE0GPRi8cK9gOaUDbbTbt0s1l2J2IN/SVePCji1Z/izX/jts1BWx8MPN6bYWZepAQ34Hnfzsrq2vrGZmmrvL2zu1dx9w9aJs00ZU2ailR3ImKY4JI1gYNgHaUZSSLB2tHoZuq3H5g2PJX3MFYsTMhA8phTAlbquZVgRJQiAbBHyE/NpOdWvZo3A14mfkGqqECj534F/ZRmCZNABTGm63sKwpxo4FSwSTnIDFOEjsiAdS2VJGEmzGeHT/CJVfo4TrUtCXim/p7ISWLMOIlsZ0JgaBa9qfif180gvgpzLlUGTNL5ojgTGFI8TQH3uWYUxNgSQjW3t2I6JJpQsFmVbQj+4svLpHVe872af3dRrV8XcZTQETpGZ8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fGsCTXQ==</latexit><latexit sha1_base64="JHYxmxLETG2TCD+VktI80b+Vojw=">AAAB+HicbVBNS8NAEN34WetHox69LBbRU0lE0GPRi8cK9gOaUDbbTbt0s1l2J2IN/SVePCji1Z/izX/jts1BWx8MPN6bYWZepAQ34Hnfzsrq2vrGZmmrvL2zu1dx9w9aJs00ZU2ailR3ImKY4JI1gYNgHaUZSSLB2tHoZuq3H5g2PJX3MFYsTMhA8phTAlbquZVgRJQiAbBHyE/NpOdWvZo3A14mfkGqqECj534F/ZRmCZNABTGm63sKwpxo4FSwSTnIDFOEjsiAdS2VJGEmzGeHT/CJVfo4TrUtCXim/p7ISWLMOIlsZ0JgaBa9qfif180gvgpzLlUGTNL5ojgTGFI8TQH3uWYUxNgSQjW3t2I6JJpQsFmVbQj+4svLpHVe872af3dRrV8XcZTQETpGZ8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fGsCTXQ==</latexit><latexit sha1_base64="JHYxmxLETG2TCD+VktI80b+Vojw=">AAAB+HicbVBNS8NAEN34WetHox69LBbRU0lE0GPRi8cK9gOaUDbbTbt0s1l2J2IN/SVePCji1Z/izX/jts1BWx8MPN6bYWZepAQ34Hnfzsrq2vrGZmmrvL2zu1dx9w9aJs00ZU2ailR3ImKY4JI1gYNgHaUZSSLB2tHoZuq3H5g2PJX3MFYsTMhA8phTAlbquZVgRJQiAbBHyE/NpOdWvZo3A14mfkGqqECj534F/ZRmCZNABTGm63sKwpxo4FSwSTnIDFOEjsiAdS2VJGEmzGeHT/CJVfo4TrUtCXim/p7ISWLMOIlsZ0JgaBa9qfif180gvgpzLlUGTNL5ojgTGFI8TQH3uWYUxNgSQjW3t2I6JJpQsFmVbQj+4svLpHVe872af3dRrV8XcZTQETpGZ8hHl6iOblEDNRFFGXpGr+jNeXJenHfnY9664hQzh+gPnM8fGsCTXQ==</latexit>

O(1)
<latexit sha1_base64="izlCX/PAtRScCfBmk3ZumBZaej4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrxZwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3KQ5aOuDgcd7M8zMC2LOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH80spr7AY8lCRrDJpPu6dz6s1tyGmwOtEq8gNSjQGla/BqOIJIJKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pRILqv00v3WOzqwyQmGkbEmDcvX3RIqF1jMR2E6BzUQve5n4n9dPTHjtp0zGiaGSLBaFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwVt+eZV0Lhqe2/AeLmvNmyKOMpzAKdTBgytowh20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8A3UyNcw==</latexit><latexit sha1_base64="izlCX/PAtRScCfBmk3ZumBZaej4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrxZwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3KQ5aOuDgcd7M8zMC2LOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH80spr7AY8lCRrDJpPu6dz6s1tyGmwOtEq8gNSjQGla/BqOIJIJKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pRILqv00v3WOzqwyQmGkbEmDcvX3RIqF1jMR2E6BzUQve5n4n9dPTHjtp0zGiaGSLBaFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwVt+eZV0Lhqe2/AeLmvNmyKOMpzAKdTBgytowh20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8A3UyNcw==</latexit><latexit sha1_base64="izlCX/PAtRScCfBmk3ZumBZaej4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrxZwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3KQ5aOuDgcd7M8zMC2LOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH80spr7AY8lCRrDJpPu6dz6s1tyGmwOtEq8gNSjQGla/BqOIJIJKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pRILqv00v3WOzqwyQmGkbEmDcvX3RIqF1jMR2E6BzUQve5n4n9dPTHjtp0zGiaGSLBaFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwVt+eZV0Lhqe2/AeLmvNmyKOMpzAKdTBgytowh20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8A3UyNcw==</latexit><latexit sha1_base64="izlCX/PAtRScCfBmk3ZumBZaej4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrxZwX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3KQ5aOuDgcd7M8zMC2LOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH80spr7AY8lCRrDJpPu6dz6s1tyGmwOtEq8gNSjQGla/BqOIJIJKQzjWuu+5sfFTrAwjnM4rg0TTGJMpHtO+pRILqv00v3WOzqwyQmGkbEmDcvX3RIqF1jMR2E6BzUQve5n4n9dPTHjtp0zGiaGSLBaFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwVt+eZV0Lhqe2/AeLmvNmyKOMpzAKdTBgytowh20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8A3UyNcw==</latexit>

⇤CUT ⇡ mq̃ � mq
<latexit sha1_base64="sZuYfzfIE9Y6PM8gRf3+I59jmMA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMtiNy5cVGjaQhPCZDJJh04enZmIJeQj3Pgrblwo4taFO//GaZuFth4YOJxzLnfu8VJGhTSMb62ysrq2vlHdrG1t7+zu6fsHXZFkHBMLJyzhfQ8JwmhMLEklI/2UExR5jPS8UWvq9+4JFzSJO3KSEidCYUwDipFUkquf2bcq7CM3b1mdAtooTXnyACM3tyVlPsnHhVLDUCljV68bDWMGuEzMktRBibarf9l+grOIxBIzJMTANFLp5IhLihkpanYmSIrwCIVkoGiMIiKcfHZUAU+U4sMg4erFEs7U3xM5ioSYRJ5KRkgOxaI3Ff/zBpkMrpycxmkmSYzni4KMQZnAaUPQp5xgySaKIMyp+ivEQ8QRlqrHmirBXDx5mXTPG6bRMO8u6s3rso4qOALH4BSY4BI0wQ1oAwtg8AiewSt40560F+1d+5hHK1o5cwj+QPv8AdttnrE=</latexit><latexit sha1_base64="sZuYfzfIE9Y6PM8gRf3+I59jmMA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMtiNy5cVGjaQhPCZDJJh04enZmIJeQj3Pgrblwo4taFO//GaZuFth4YOJxzLnfu8VJGhTSMb62ysrq2vlHdrG1t7+zu6fsHXZFkHBMLJyzhfQ8JwmhMLEklI/2UExR5jPS8UWvq9+4JFzSJO3KSEidCYUwDipFUkquf2bcq7CM3b1mdAtooTXnyACM3tyVlPsnHhVLDUCljV68bDWMGuEzMktRBibarf9l+grOIxBIzJMTANFLp5IhLihkpanYmSIrwCIVkoGiMIiKcfHZUAU+U4sMg4erFEs7U3xM5ioSYRJ5KRkgOxaI3Ff/zBpkMrpycxmkmSYzni4KMQZnAaUPQp5xgySaKIMyp+ivEQ8QRlqrHmirBXDx5mXTPG6bRMO8u6s3rso4qOALH4BSY4BI0wQ1oAwtg8AiewSt40560F+1d+5hHK1o5cwj+QPv8AdttnrE=</latexit><latexit sha1_base64="sZuYfzfIE9Y6PM8gRf3+I59jmMA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMtiNy5cVGjaQhPCZDJJh04enZmIJeQj3Pgrblwo4taFO//GaZuFth4YOJxzLnfu8VJGhTSMb62ysrq2vlHdrG1t7+zu6fsHXZFkHBMLJyzhfQ8JwmhMLEklI/2UExR5jPS8UWvq9+4JFzSJO3KSEidCYUwDipFUkquf2bcq7CM3b1mdAtooTXnyACM3tyVlPsnHhVLDUCljV68bDWMGuEzMktRBibarf9l+grOIxBIzJMTANFLp5IhLihkpanYmSIrwCIVkoGiMIiKcfHZUAU+U4sMg4erFEs7U3xM5ioSYRJ5KRkgOxaI3Ff/zBpkMrpycxmkmSYzni4KMQZnAaUPQp5xgySaKIMyp+ivEQ8QRlqrHmirBXDx5mXTPG6bRMO8u6s3rso4qOALH4BSY4BI0wQ1oAwtg8AiewSt40560F+1d+5hHK1o5cwj+QPv8AdttnrE=</latexit><latexit sha1_base64="sZuYfzfIE9Y6PM8gRf3+I59jmMA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMtiNy5cVGjaQhPCZDJJh04enZmIJeQj3Pgrblwo4taFO//GaZuFth4YOJxzLnfu8VJGhTSMb62ysrq2vlHdrG1t7+zu6fsHXZFkHBMLJyzhfQ8JwmhMLEklI/2UExR5jPS8UWvq9+4JFzSJO3KSEidCYUwDipFUkquf2bcq7CM3b1mdAtooTXnyACM3tyVlPsnHhVLDUCljV68bDWMGuEzMktRBibarf9l+grOIxBIzJMTANFLp5IhLihkpanYmSIrwCIVkoGiMIiKcfHZUAU+U4sMg4erFEs7U3xM5ioSYRJ5KRkgOxaI3Ff/zBpkMrpycxmkmSYzni4KMQZnAaUPQp5xgySaKIMyp+ivEQ8QRlqrHmirBXDx5mXTPG6bRMO8u6s3rso4qOALH4BSY4BI0wQ1oAwtg8AiewSt40560F+1d+5hHK1o5cwj+QPv8AdttnrE=</latexit>

⇤CUT ⇡ md̃ � md
<latexit sha1_base64="aHc4qFqEDktne9xtwSW96V841as=">AAACFHicbVDNSsNAGNzUv1r/oh69LBZBEEoigh6LvXjwUKFpC00Im80mXbqbhN2NWEIfwouv4sWDIl49ePNt3LY5aOvAwjAzH99+E2SMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujLNBSYOTlkq+gGShNGEOIoqRvqZIIgHjPSCUWvq9+6JkDRNOmqcEY+jOKERxUhpyTfP3FsdDpFftJzOBLooy0T6ALlfuIqykBThRKtxrJXQN+tWw5oBLhO7JHVQou2bX26Y4pyTRGGGpBzYVqa8AglFMSOTmptLkiE8QjEZaJogTqRXzI6awBOthDBKhX6JgjP190SBuJRjHugkR2ooF72p+J83yFV05RU0yXJFEjxfFOUMqhROG4IhFQQrNtYEYUH1XyEeIoGw0j3WdAn24snLpHvesK2GfXdRb16XdVTBETgGp8AGl6AJbkAbOACDR/AMXsGb8WS8GO/GxzxaMcqZQ/AHxucPs4Oelw==</latexit><latexit sha1_base64="aHc4qFqEDktne9xtwSW96V841as=">AAACFHicbVDNSsNAGNzUv1r/oh69LBZBEEoigh6LvXjwUKFpC00Im80mXbqbhN2NWEIfwouv4sWDIl49ePNt3LY5aOvAwjAzH99+E2SMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujLNBSYOTlkq+gGShNGEOIoqRvqZIIgHjPSCUWvq9+6JkDRNOmqcEY+jOKERxUhpyTfP3FsdDpFftJzOBLooy0T6ALlfuIqykBThRKtxrJXQN+tWw5oBLhO7JHVQou2bX26Y4pyTRGGGpBzYVqa8AglFMSOTmptLkiE8QjEZaJogTqRXzI6awBOthDBKhX6JgjP190SBuJRjHugkR2ooF72p+J83yFV05RU0yXJFEjxfFOUMqhROG4IhFQQrNtYEYUH1XyEeIoGw0j3WdAn24snLpHvesK2GfXdRb16XdVTBETgGp8AGl6AJbkAbOACDR/AMXsGb8WS8GO/GxzxaMcqZQ/AHxucPs4Oelw==</latexit><latexit sha1_base64="aHc4qFqEDktne9xtwSW96V841as=">AAACFHicbVDNSsNAGNzUv1r/oh69LBZBEEoigh6LvXjwUKFpC00Im80mXbqbhN2NWEIfwouv4sWDIl49ePNt3LY5aOvAwjAzH99+E2SMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujLNBSYOTlkq+gGShNGEOIoqRvqZIIgHjPSCUWvq9+6JkDRNOmqcEY+jOKERxUhpyTfP3FsdDpFftJzOBLooy0T6ALlfuIqykBThRKtxrJXQN+tWw5oBLhO7JHVQou2bX26Y4pyTRGGGpBzYVqa8AglFMSOTmptLkiE8QjEZaJogTqRXzI6awBOthDBKhX6JgjP190SBuJRjHugkR2ooF72p+J83yFV05RU0yXJFEjxfFOUMqhROG4IhFQQrNtYEYUH1XyEeIoGw0j3WdAn24snLpHvesK2GfXdRb16XdVTBETgGp8AGl6AJbkAbOACDR/AMXsGb8WS8GO/GxzxaMcqZQ/AHxucPs4Oelw==</latexit><latexit sha1_base64="aHc4qFqEDktne9xtwSW96V841as=">AAACFHicbVDNSsNAGNzUv1r/oh69LBZBEEoigh6LvXjwUKFpC00Im80mXbqbhN2NWEIfwouv4sWDIl49ePNt3LY5aOvAwjAzH99+E2SMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujLNBSYOTlkq+gGShNGEOIoqRvqZIIgHjPSCUWvq9+6JkDRNOmqcEY+jOKERxUhpyTfP3FsdDpFftJzOBLooy0T6ALlfuIqykBThRKtxrJXQN+tWw5oBLhO7JHVQou2bX26Y4pyTRGGGpBzYVqa8AglFMSOTmptLkiE8QjEZaJogTqRXzI6awBOthDBKhX6JgjP190SBuJRjHugkR2ooF72p+J83yFV05RU0yXJFEjxfFOUMqhROG4IhFQQrNtYEYUH1XyEeIoGw0j3WdAn24snLpHvesK2GfXdRb16XdVTBETgGp8AGl6AJbkAbOACDR/AMXsGb8WS8GO/GxzxaMcqZQ/AHxucPs4Oelw==</latexit>

⇤CUT ⇡ mũ � mu
<latexit sha1_base64="EqYkU3ASflAsNjeAk9+gOEmFlCc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMtiNy5cVGjaQhPCZDJJh04ezEMsoR/hxl9x40IRty7c+TdO2yy09cDA4ZxzuXNPkDMqpGV9G5WV1bX1jepmbWt7Z3fP3D/oikxxTBycsYz3AyQIoylxJJWM9HNOUBIw0gtGranfuydc0CztyHFOvATFKY0oRlJLvnnm3upwiPyi5XQm0EV5zrMHmPiFKykLSaEmWo1jrSjfrFsNawa4TOyS1EGJtm9+uWGGVUJSiRkSYmBbufQKxCXFjExqrhIkR3iEYjLQNEUJEV4xO2oCT7QSwijj+qUSztTfEwVKhBgngU4mSA7FojcV//MGSkZXXkHTXEmS4vmiSDEoMzhtCIaUEyzZWBOEOdV/hXiIOMJS91jTJdiLJy+T7nnDthr23UW9eV3WUQVH4BicAhtcgia4AW3gAAwewTN4BW/Gk/FivBsf82jFKGcOwR8Ynz/ntZ65</latexit><latexit sha1_base64="EqYkU3ASflAsNjeAk9+gOEmFlCc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMtiNy5cVGjaQhPCZDJJh04ezEMsoR/hxl9x40IRty7c+TdO2yy09cDA4ZxzuXNPkDMqpGV9G5WV1bX1jepmbWt7Z3fP3D/oikxxTBycsYz3AyQIoylxJJWM9HNOUBIw0gtGranfuydc0CztyHFOvATFKY0oRlJLvnnm3upwiPyi5XQm0EV5zrMHmPiFKykLSaEmWo1jrSjfrFsNawa4TOyS1EGJtm9+uWGGVUJSiRkSYmBbufQKxCXFjExqrhIkR3iEYjLQNEUJEV4xO2oCT7QSwijj+qUSztTfEwVKhBgngU4mSA7FojcV//MGSkZXXkHTXEmS4vmiSDEoMzhtCIaUEyzZWBOEOdV/hXiIOMJS91jTJdiLJy+T7nnDthr23UW9eV3WUQVH4BicAhtcgia4AW3gAAwewTN4BW/Gk/FivBsf82jFKGcOwR8Ynz/ntZ65</latexit><latexit sha1_base64="EqYkU3ASflAsNjeAk9+gOEmFlCc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMtiNy5cVGjaQhPCZDJJh04ezEMsoR/hxl9x40IRty7c+TdO2yy09cDA4ZxzuXNPkDMqpGV9G5WV1bX1jepmbWt7Z3fP3D/oikxxTBycsYz3AyQIoylxJJWM9HNOUBIw0gtGranfuydc0CztyHFOvATFKY0oRlJLvnnm3upwiPyi5XQm0EV5zrMHmPiFKykLSaEmWo1jrSjfrFsNawa4TOyS1EGJtm9+uWGGVUJSiRkSYmBbufQKxCXFjExqrhIkR3iEYjLQNEUJEV4xO2oCT7QSwijj+qUSztTfEwVKhBgngU4mSA7FojcV//MGSkZXXkHTXEmS4vmiSDEoMzhtCIaUEyzZWBOEOdV/hXiIOMJS91jTJdiLJy+T7nnDthr23UW9eV3WUQVH4BicAhtcgia4AW3gAAwewTN4BW/Gk/FivBsf82jFKGcOwR8Ynz/ntZ65</latexit><latexit sha1_base64="EqYkU3ASflAsNjeAk9+gOEmFlCc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMtiNy5cVGjaQhPCZDJJh04ezEMsoR/hxl9x40IRty7c+TdO2yy09cDA4ZxzuXNPkDMqpGV9G5WV1bX1jepmbWt7Z3fP3D/oikxxTBycsYz3AyQIoylxJJWM9HNOUBIw0gtGranfuydc0CztyHFOvATFKY0oRlJLvnnm3upwiPyi5XQm0EV5zrMHmPiFKykLSaEmWo1jrSjfrFsNawa4TOyS1EGJtm9+uWGGVUJSiRkSYmBbufQKxCXFjExqrhIkR3iEYjLQNEUJEV4xO2oCT7QSwijj+qUSztTfEwVKhBgngU4mSA7FojcV//MGSkZXXkHTXEmS4vmiSDEoMzhtCIaUEyzZWBOEOdV/hXiIOMJS91jTJdiLJy+T7nnDthr23UW9eV3WUQVH4BicAhtcgia4AW3gAAwewTN4BW/Gk/FivBsf82jFKGcOwR8Ynz/ntZ65</latexit>

❖ The prime and tilde quarks have 
masses around the CUT scale:
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SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>

}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

Obtain 
mass near 
the CUT 
breaking 
scale

Massless 
quark sectorPrime 

sector















































































QCD Strong CP 
Problem Solved!*

*almost

SU(6)⇥ SU(3)0
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="AFJ668P0XFPxNEWY11v8QeQAztc="></latexit>
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The     Issue

�20

L 3 ✓6
↵6

8⇡
G6G̃6 + ✓0

↵0

8⇡
G0G̃0

<latexit sha1_base64="G21f9oRkETDx2aG3juFEJNZqfGM="></latexit><latexit sha1_base64="G21f9oRkETDx2aG3juFEJNZqfGM="></latexit><latexit sha1_base64="G21f9oRkETDx2aG3juFEJNZqfGM="></latexit><latexit sha1_base64="G21f9oRkETDx2aG3juFEJNZqfGM="></latexit>

L 3 (✓6 + ✓0)
↵diag

8⇡
GdiagG̃diag + ✓6

↵c

8⇡
GcG̃c

<latexit sha1_base64="38+ujtSnspQilliWpJ/XlIMEl7Y="></latexit><latexit sha1_base64="38+ujtSnspQilliWpJ/XlIMEl7Y="></latexit><latexit sha1_base64="38+ujtSnspQilliWpJ/XlIMEl7Y="></latexit><latexit sha1_base64="38+ujtSnspQilliWpJ/XlIMEl7Y="></latexit>

❖ The      can contaminate the visible sector via 
❖      must be removed 
❖ Note that this comes from the problem of decoupling 

unification partners

✓0
<latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit>

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

✓0
<latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit> ➡  This requires more model building

✓0
<latexit sha1_base64="M0/uRjVNO4iZA5+5FdTXwrsXbf0="></latexit><latexit sha1_base64="M0/uRjVNO4iZA5+5FdTXwrsXbf0="></latexit><latexit sha1_base64="M0/uRjVNO4iZA5+5FdTXwrsXbf0="></latexit><latexit sha1_base64="M0/uRjVNO4iZA5+5FdTXwrsXbf0="></latexit>
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1

↵diag(µ)
=

1

↵6(µ)
+

1

↵0(µ)
<latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit>

µ = ⇤CUT
<latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit>

↵c(⇤CUT ) = ↵6(⇤CUT )
<latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit>

 

 

SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>

The new massless quark

 

❖ Goal:                 confines at a higher scale thanSU(3)diag
<latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit>

SU(3)c
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Massless Fermion Charged Under           . SU(3)0
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Unification and confinement

SU(3)diag QCD SU(6) SU(3)0
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SU(3)diag QCD SU(6) SU(3)0
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SU(3)diag QCD SU(6) SU(3)0
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SU(3)diag QCD SU(6) SU(3)0
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 confinement
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16 = 8c + 3̄c + 3c + 1c + 1c
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❖ Chiral symmetry breaking: 

❖ This results in 16 pGB’s:

❖ The “pion” masses:

SU(3)diag
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This looks like 2 masses for 3      pseudoscalars⌘0
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Leff = ⇤4
diag cos

✓
2⌘0�
fd

+
p
6
⌘0 
fd

◆
+ ⇤4

QCD cos

✓
2⌘0QCD

f⇡
+
p
6
⌘0 
fd

◆

<latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit>
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<latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVc MmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVc MmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVcMmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVcMmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit>

⇠ ⇤4
diag

<latexit sha1_base64="OwCFql/kYzDYOmfMHO7dR8MsUkI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiGxcuKtgHNDFMJpN26OTBzI1YQsGNv+LGhSJu/Ql3/o3TNgttPTBwOOce7tzjp4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttlWSSshZNRCK7PlFM8Ji1gINg3VQyEvmCdfzh5cTv3DOpeBLfwihlbkT6MQ85JaAlzzxwFI+wc60TAfEcYA+QB5z0x3d1z6xaNWsKvEjsglRRgaZnfjlBQrOIxUAFUapnWym4OZHAqWDjipMplhI6JH3W0zQmEVNuPr1hjI+1EuAwkfrFgKfq70ROIqVGka8nIwIDNe9NxP+8XgbhuZvzOM2AxXS2KMwEhgRPCsEBl4yCGGlCqOT6r5gOiCQUdG0VXYI9f/IiaZ/WbKtm39SrjYuijjI6REfoBNnoDDXQFWqiFqLoET2jV/RmPBkvxrvxMRstGUVmH/2B8fkD67qXsA==</latexit><latexit sha1_base64="OwCFql/kYzDYOmfMHO7dR8MsUkI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiGxcuKtgHNDFMJpN26OTBzI1YQsGNv+LGhSJu/Ql3/o3TNgttPTBwOOce7tzjp4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttlWSSshZNRCK7PlFM8Ji1gINg3VQyEvmCdfzh5cTv3DOpeBLfwihlbkT6MQ85JaAlzzxwFI+wc60TAfEcYA+QB5z0x3d1z6xaNWsKvEjsglRRgaZnfjlBQrOIxUAFUapnWym4OZHAqWDjipMplhI6JH3W0zQmEVNuPr1hjI+1EuAwkfrFgKfq70ROIqVGka8nIwIDNe9NxP+8XgbhuZvzOM2AxXS2KMwEhgRPCsEBl4yCGGlCqOT6r5gOiCQUdG0VXYI9f/IiaZ/WbKtm39SrjYuijjI6REfoBNnoDDXQFWqiFqLoET2jV/RmPBkvxrvxMRstGUVmH/2B8fkD67qXsA==</latexit><latexit sha1_base64="OwCFql/kYzDYOmfMHO7dR8MsUkI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiGxcuKtgHNDFMJpN26OTBzI1YQsGNv+LGhSJu/Ql3/o3TNgttPTBwOOce7tzjp4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttlWSSshZNRCK7PlFM8Ji1gINg3VQyEvmCdfzh5cTv3DOpeBLfwihlbkT6MQ85JaAlzzxwFI+wc60TAfEcYA+QB5z0x3d1z6xaNWsKvEjsglRRgaZnfjlBQrOIxUAFUapnWym4OZHAqWDjipMplhI6JH3W0zQmEVNuPr1hjI+1EuAwkfrFgKfq70ROIqVGka8nIwIDNe9NxP+8XgbhuZvzOM2AxXS2KMwEhgRPCsEBl4yCGGlCqOT6r5gOiCQUdG0VXYI9f/IiaZ/WbKtm39SrjYuijjI6REfoBNnoDDXQFWqiFqLoET2jV/RmPBkvxrvxMRstGUVmH/2B8fkD67qXsA==</latexit><latexit sha1_base64="OwCFql/kYzDYOmfMHO7dR8MsUkI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiGxcuKtgHNDFMJpN26OTBzI1YQsGNv+LGhSJu/Ql3/o3TNgttPTBwOOce7tzjp4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttlWSSshZNRCK7PlFM8Ji1gINg3VQyEvmCdfzh5cTv3DOpeBLfwihlbkT6MQ85JaAlzzxwFI+wc60TAfEcYA+QB5z0x3d1z6xaNWsKvEjsglRRgaZnfjlBQrOIxUAFUapnWym4OZHAqWDjipMplhI6JH3W0zQmEVNuPr1hjI+1EuAwkfrFgKfq70ROIqVGka8nIwIDNe9NxP+8XgbhuZvzOM2AxXS2KMwEhgRPCsEBl4yCGGlCqOT6r5gOiCQUdG0VXYI9f/IiaZ/WbKtm39SrjYuijjI6REfoBNnoDDXQFWqiFqLoET2jV/RmPBkvxrvxMRstGUVmH/2B8fkD67qXsA==</latexit>
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unification

 

❖ Removing the unification partners 
forced us to introduce another non-
Abelian gauge group

❖ Started with a simple picture far 
below ⇤CUT

<latexit sha1_base64="WNsX0sk8iH2ruQnKaFmu8+P8wyQ=">AAAB9HicbVBNT8JAFHzFL8Qv1KOXjcTEE2nRRI9ELh48YEKBBBqy3W5hw3Zbd7ckpOF3ePGgMV79Md78Ny7Qg4KTbDKZmZf3dvyEM6Vt+9sqbGxube8Ud0t7+weHR+Xjk7aKU0moS2Iey66PFeVMUFczzWk3kRRHPqcdf9yY+50JlYrFoqWnCfUiPBQsZARrI3n9BxMN8CBruK3ZoFyxq/YCaJ04OalAjuag/NUPYpJGVGjCsVI9x060l2GpGeF0VuqniiaYjPGQ9gwVOKLKyxZHz9CFUQIUxtI8odFC/T2R4UipaeSbZIT1SK16c/E/r5fq8NbLmEhSTQVZLgpTjnSM5g2ggElKNJ8agolk5lZERlhiok1PJVOCs/rlddKuVZ2rau3xulK/y+sowhmcwyU4cAN1uIcmuEDgCZ7hFd6sifVivVsfy2jBymdO4Q+szx9ttZHg</latexit>
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❖ Started with a simple picture far 
below 

❖ Removing the unification partners 
forced us to introduce another non-
Abelian gauge group

⇤CUT
<latexit sha1_base64="WNsX0sk8iH2ruQnKaFmu8+P8wyQ=">AAAB9HicbVBNT8JAFHzFL8Qv1KOXjcTEE2nRRI9ELh48YEKBBBqy3W5hw3Zbd7ckpOF3ePGgMV79Md78Ny7Qg4KTbDKZmZf3dvyEM6Vt+9sqbGxube8Ud0t7+weHR+Xjk7aKU0moS2Iey66PFeVMUFczzWk3kRRHPqcdf9yY+50JlYrFoqWnCfUiPBQsZARrI3n9BxMN8CBruK3ZoFyxq/YCaJ04OalAjuag/NUPYpJGVGjCsVI9x060l2GpGeF0VuqniiaYjPGQ9gwVOKLKyxZHz9CFUQIUxtI8odFC/T2R4UipaeSbZIT1SK16c/E/r5fq8NbLmEhSTQVZLgpTjnSM5g2ggElKNJ8agolk5lZERlhiok1PJVOCs/rlddKuVZ2rau3xulK/y+sowhmcwyU4cAN1uIcmuEDgCZ7hFd6sifVivVsfy2jBymdO4Q+szx9ttZHg</latexit>

 

unification

❖ Introduce a new massless quark
❖ Got stuck with a light axion again

1. Start looking into different unification schemes
2. Look for additional mass sources for the axions
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❖ Typically, at high scales            is very small
❖ If new physics alters RG flow, large couplings can induce new 

instanton corrections to the axion mass

SU(3)⇥ SU(3)⇥ ...⇥ SU(3) ! SU(3)c
<latexit sha1_base64="uI1TxGNfdi84pbGsmShqpZ6Wfh8=">AAACHHicbZBNS8NAEIYnftb6FfXoZbEI9RISK+ix6MVjRdMW2hA22027dPPB7kYooT/Ei3/FiwdFvHgQ/Ddu2xxq68DCM+/MMDtvkHImlW3/GCura+sbm6Wt8vbO7t6+eXDYlEkmCHVJwhPRDrCknMXUVUxx2k4FxVHAaSsY3kzqrUcqJEviBzVKqRfhfsxCRrDSkm/W7t1q7ayrWEQlmmPLstC8qpNkRj7xzYpt2dNAy+AUUIEiGr751e0lJItorAjHUnYcO1VejoVihNNxuZtJmmIyxH3a0RhjvdbLp8eN0alWeihMhH6xQlN1fiLHkZSjKNCdEVYDuVibiP/VOpkKr7ycxWmmaExmi8KMI33oxCnUY4ISxUcaMBFM/xWRARaYKO1nWZvgLJ68DM1zy7Et5+6iUr8u7CjBMZxAFRy4hDrcQgNcIPAEL/AG78az8Wp8GJ+z1hWjmDmCP2F8/wKw9Z3+</latexit><latexit sha1_base64="uI1TxGNfdi84pbGsmShqpZ6Wfh8=">AAACHHicbZBNS8NAEIYnftb6FfXoZbEI9RISK+ix6MVjRdMW2hA22027dPPB7kYooT/Ei3/FiwdFvHgQ/Ddu2xxq68DCM+/MMDtvkHImlW3/GCura+sbm6Wt8vbO7t6+eXDYlEkmCHVJwhPRDrCknMXUVUxx2k4FxVHAaSsY3kzqrUcqJEviBzVKqRfhfsxCRrDSkm/W7t1q7ayrWEQlmmPLstC8qpNkRj7xzYpt2dNAy+AUUIEiGr751e0lJItorAjHUnYcO1VejoVihNNxuZtJmmIyxH3a0RhjvdbLp8eN0alWeihMhH6xQlN1fiLHkZSjKNCdEVYDuVibiP/VOpkKr7ycxWmmaExmi8KMI33oxCnUY4ISxUcaMBFM/xWRARaYKO1nWZvgLJ68DM1zy7Et5+6iUr8u7CjBMZxAFRy4hDrcQgNcIPAEL/AG78az8Wp8GJ+z1hWjmDmCP2F8/wKw9Z3+</latexit><latexit sha1_base64="uI1TxGNfdi84pbGsmShqpZ6Wfh8=">AAACHHicbZBNS8NAEIYnftb6FfXoZbEI9RISK+ix6MVjRdMW2hA22027dPPB7kYooT/Ei3/FiwdFvHgQ/Ddu2xxq68DCM+/MMDtvkHImlW3/GCura+sbm6Wt8vbO7t6+eXDYlEkmCHVJwhPRDrCknMXUVUxx2k4FxVHAaSsY3kzqrUcqJEviBzVKqRfhfsxCRrDSkm/W7t1q7ayrWEQlmmPLstC8qpNkRj7xzYpt2dNAy+AUUIEiGr751e0lJItorAjHUnYcO1VejoVihNNxuZtJmmIyxH3a0RhjvdbLp8eN0alWeihMhH6xQlN1fiLHkZSjKNCdEVYDuVibiP/VOpkKr7ycxWmmaExmi8KMI33oxCnUY4ISxUcaMBFM/xWRARaYKO1nWZvgLJ68DM1zy7Et5+6iUr8u7CjBMZxAFRy4hDrcQgNcIPAEL/AG78az8Wp8GJ+z1hWjmDmCP2F8/wKw9Z3+</latexit><latexit sha1_base64="uI1TxGNfdi84pbGsmShqpZ6Wfh8=">AAACHHicbZBNS8NAEIYnftb6FfXoZbEI9RISK+ix6MVjRdMW2hA22027dPPB7kYooT/Ei3/FiwdFvHgQ/Ddu2xxq68DCM+/MMDtvkHImlW3/GCura+sbm6Wt8vbO7t6+eXDYlEkmCHVJwhPRDrCknMXUVUxx2k4FxVHAaSsY3kzqrUcqJEviBzVKqRfhfsxCRrDSkm/W7t1q7ayrWEQlmmPLstC8qpNkRj7xzYpt2dNAy+AUUIEiGr751e0lJItorAjHUnYcO1VejoVihNNxuZtJmmIyxH3a0RhjvdbLp8eN0alWeihMhH6xQlN1fiLHkZSjKNCdEVYDuVibiP/VOpkKr7ycxWmmaExmi8KMI33oxCnUY4ISxUcaMBFM/xWRARaYKO1nWZvgLJ68DM1zy7Et5+6iUr8u7CjBMZxAFRy4hDrcQgNcIPAEL/AG78az8Wp8GJ+z1hWjmDmCP2F8/wKw9Z3+</latexit>

J. Flynn, L. Randall (1987) P. Agrawal, K. Howe arXiv:1710.04213

µ = Mb
<latexit sha1_base64="rE1k3ehYAacu7p+/jz3G61F+xjs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MWLEME8JFnC7GQ2GTKPZWZWCEu+wosHRbz6Od78GyfJHjSxoKGo6qa7K0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c3Ubz1RbZiSD3ac0FDggWQxI9g66bErUnSF7npRr1zxq/4MaJkEOalAjnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAO45KLKgJs9nBE3TilD6KlXYlLZqpvycyLIwZi8h1CmyHZtGbiv95ndTGl2HGZJJaKsl8UZxyZBWafo/6TFNi+dgRTDRztyIyxBoT6zIquRCCxZeXSfOsGvjV4P68UrvO4yjCERzDKQRwATW4hTo0gICAZ3iFN097L9679zFvLXj5zCH8gff5A5wmj50=</latexit><latexit sha1_base64="rE1k3ehYAacu7p+/jz3G61F+xjs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MWLEME8JFnC7GQ2GTKPZWZWCEu+wosHRbz6Od78GyfJHjSxoKGo6qa7K0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c3Ubz1RbZiSD3ac0FDggWQxI9g66bErUnSF7npRr1zxq/4MaJkEOalAjnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAO45KLKgJs9nBE3TilD6KlXYlLZqpvycyLIwZi8h1CmyHZtGbiv95ndTGl2HGZJJaKsl8UZxyZBWafo/6TFNi+dgRTDRztyIyxBoT6zIquRCCxZeXSfOsGvjV4P68UrvO4yjCERzDKQRwATW4hTo0gICAZ3iFN097L9679zFvLXj5zCH8gff5A5wmj50=</latexit><latexit sha1_base64="rE1k3ehYAacu7p+/jz3G61F+xjs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MWLEME8JFnC7GQ2GTKPZWZWCEu+wosHRbz6Od78GyfJHjSxoKGo6qa7K0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c3Ubz1RbZiSD3ac0FDggWQxI9g66bErUnSF7npRr1zxq/4MaJkEOalAjnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAO45KLKgJs9nBE3TilD6KlXYlLZqpvycyLIwZi8h1CmyHZtGbiv95ndTGl2HGZJJaKsl8UZxyZBWafo/6TFNi+dgRTDRztyIyxBoT6zIquRCCxZeXSfOsGvjV4P68UrvO4yjCERzDKQRwATW4hTo0gICAZ3iFN097L9679zFvLXj5zCH8gff5A5wmj50=</latexit><latexit sha1_base64="rE1k3ehYAacu7p+/jz3G61F+xjs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MWLEME8JFnC7GQ2GTKPZWZWCEu+wosHRbz6Od78GyfJHjSxoKGo6qa7K0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c3Ubz1RbZiSD3ac0FDggWQxI9g66bErUnSF7npRr1zxq/4MaJkEOalAjnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAO45KLKgJs9nBE3TilD6KlXYlLZqpvycyLIwZi8h1CmyHZtGbiv95ndTGl2HGZJJaKsl8UZxyZBWafo/6TFNi+dgRTDRztyIyxBoT6zIquRCCxZeXSfOsGvjV4P68UrvO4yjCERzDKQRwATW4hTo0gICAZ3iFN097L9679zFvLXj5zCH8gff5A5wmj50=</latexit>

M. Dine, N. Seiberg (1986)
B. Holdom, M. Peskin (1982)

1

↵QCD(µ)
=

1

↵1(µ)
+

1

↵2(µ)
+ ...+

1

↵N (µ)
<latexit sha1_base64="t8wWHC7BSFZXVlXuWKFu2EUutwk="></latexit><latexit sha1_base64="t8wWHC7BSFZXVlXuWKFu2EUutwk="></latexit><latexit sha1_base64="t8wWHC7BSFZXVlXuWKFu2EUutwk="></latexit><latexit sha1_base64="t8wWHC7BSFZXVlXuWKFu2EUutwk="></latexit>

↵QCD
<latexit sha1_base64="RNnYbASFPfllC1BE1VX3Ycy/Ydw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMdiPXhswX5AG8Jmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrW9sbhW3Szu7e/sHdvmwreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY12d+554pzWN5B5OEeREZSh5ySsBIvl3uE5GMiN8H9ghZs34z9e2KU3XmwKvEzUkF5Wj49ld/ENM0YhKoIFr3XCcBLyMKOBVsWuqnmiWEjsmQ9QyVJGLay+anT/GpUQY4jJUpCXiu/p7ISKT1JApMZ0RgpJe9mfif10shvPIyLpMUmKSLRWEqMMR4lgMecMUoiIkhhCpubsV0RBShYNIqmRDc5ZdXSfu86jpVt3lRqV3ncRTRMTpBZ8hFl6iGblEDtRBFD+gZvaI368l6sd6tj0VrwcpnjtAfWJ8/VCuUBw==</latexit><latexit sha1_base64="RNnYbASFPfllC1BE1VX3Ycy/Ydw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMdiPXhswX5AG8Jmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrW9sbhW3Szu7e/sHdvmwreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY12d+554pzWN5B5OEeREZSh5ySsBIvl3uE5GMiN8H9ghZs34z9e2KU3XmwKvEzUkF5Wj49ld/ENM0YhKoIFr3XCcBLyMKOBVsWuqnmiWEjsmQ9QyVJGLay+anT/GpUQY4jJUpCXiu/p7ISKT1JApMZ0RgpJe9mfif10shvPIyLpMUmKSLRWEqMMR4lgMecMUoiIkhhCpubsV0RBShYNIqmRDc5ZdXSfu86jpVt3lRqV3ncRTRMTpBZ8hFl6iGblEDtRBFD+gZvaI368l6sd6tj0VrwcpnjtAfWJ8/VCuUBw==</latexit><latexit sha1_base64="RNnYbASFPfllC1BE1VX3Ycy/Ydw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMdiPXhswX5AG8Jmu2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrW9sbhW3Szu7e/sHdvmwreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY12d+554pzWN5B5OEeREZSh5ySsBIvl3uE5GMiN8H9ghZs34z9e2KU3XmwKvEzUkF5Wj49ld/ENM0YhKoIFr3XCcBLyMKOBVsWuqnmiWEjsmQ9QyVJGLay+anT/GpUQY4jJUpCXiu/p7ISKT1JApMZ0RgpJe9mfif10shvPIyLpMUmKSLRWEqMMR4lgMecMUoiIkhhCpubsV0RBShYNIqmRDc5ZdXSfu86jpVt3lRqV3ncRTRMTpBZ8hFl6iGblEDtRBFD+gZvaI368l6sd6tj0VrwcpnjtAfWJ8/VCuUBw==</latexit>
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❖ For benchmark                         :

Small Size Instantons - calculating their effects
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Dilute Instanton gas 
without fermions:

Instanton density:

❖ Where            is the small-size instanton contribution to the 
axion potential Callan, Dashen, Gross, (1978)
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Small size instantons with fermions
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M. A. Shifman, A. I. Vainshtein, V. I. Zakharov (1980)
J. Flynn, L. Randall (1987) 

Fermion suppression factor
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Callan, Dashen, Gross, (1978)

 

❖ Adding fermion effects gives an instanton suppression
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Small size instantons effects
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Typical contributions 
from            confinement ⇤diag
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❖ This interaction induces a 
scale in the axion potential

M. A. Shifman, A. I. Vainshtein, V. I. Zakharov (1980)
J. Flynn, L. Randall (1987) Callan, Dashen, Gross, (1978)
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 O(0.1) prime Yukawa couplings
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O(0.1)
<latexit sha1_base64="yJaDnb32lJEkSUy1S8nTntUa4S4="></latexit>
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 O(1)  prime Yukawa couplings
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O(1)
<latexit sha1_base64="S6GOsWrgfP0PbhHYDYx6dZEy2no="></latexit>
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Very heavy axions
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J. Jaeckel, M. Spannowsky arXiv:1509.00476

I. Brivio, HEFT 2017

Extrapolation of 
the invisible axion 
expected region
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Low Energy Spectrum 
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❖ Exotic QCD colored “pions” 
❖ Color octets
❖ Color triplets

❖ Sterile neutrinos       , suppressed by           , basically invisible

⌘0QCD
<latexit sha1_base64="l5UHG0wgAtsIAbFeU6+JVeDEVs0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvoqSQi6LFYDx5bsLaQlrLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uHRo1GppqxFlVC6ExLDBJeshRwF6ySakTgUrB2O6zO//cS04Uo+4CRhvZgMJY84JWiloMuQnPezZv1u2i9XvKo3h7tK/JxUIEejX/7qDhRNYyaRCmJM4HsJ9jKikVPBpqVualhC6JgMWWCpJDEzvWx+8tQ9s8rAjZS2JdGdq78nMhIbM4lD2xkTHJllbyb+5wUpRje9jMskRSbpYlGUCheVO/vfHXDNKIqJJYRqbm916YhoQtGmVLIh+Msvr5LHy6rvVf3mVaV2m8dRhBM4hQvw4RpqcA8NaAEFBc/wCm8OOi/Ou/OxaC04+cwx/IHz+QOnjpDU</latexit><latexit sha1_base64="l5UHG0wgAtsIAbFeU6+JVeDEVs0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvoqSQi6LFYDx5bsLaQlrLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uHRo1GppqxFlVC6ExLDBJeshRwF6ySakTgUrB2O6zO//cS04Uo+4CRhvZgMJY84JWiloMuQnPezZv1u2i9XvKo3h7tK/JxUIEejX/7qDhRNYyaRCmJM4HsJ9jKikVPBpqVualhC6JgMWWCpJDEzvWx+8tQ9s8rAjZS2JdGdq78nMhIbM4lD2xkTHJllbyb+5wUpRje9jMskRSbpYlGUCheVO/vfHXDNKIqJJYRqbm916YhoQtGmVLIh+Msvr5LHy6rvVf3mVaV2m8dRhBM4hQvw4RpqcA8NaAEFBc/wCm8OOi/Ou/OxaC04+cwx/IHz+QOnjpDU</latexit><latexit sha1_base64="l5UHG0wgAtsIAbFeU6+JVeDEVs0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvoqSQi6LFYDx5bsLaQlrLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uHRo1GppqxFlVC6ExLDBJeshRwF6ySakTgUrB2O6zO//cS04Uo+4CRhvZgMJY84JWiloMuQnPezZv1u2i9XvKo3h7tK/JxUIEejX/7qDhRNYyaRCmJM4HsJ9jKikVPBpqVualhC6JgMWWCpJDEzvWx+8tQ9s8rAjZS2JdGdq78nMhIbM4lD2xkTHJllbyb+5wUpRje9jMskRSbpYlGUCheVO/vfHXDNKIqJJYRqbm916YhoQtGmVLIh+Msvr5LHy6rvVf3mVaV2m8dRhBM4hQvw4RpqcA8NaAEFBc/wCm8OOi/Ou/OxaC04+cwx/IHz+QOnjpDU</latexit><latexit sha1_base64="l5UHG0wgAtsIAbFeU6+JVeDEVs0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvoqSQi6LFYDx5bsLaQlrLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uHRo1GppqxFlVC6ExLDBJeshRwF6ySakTgUrB2O6zO//cS04Uo+4CRhvZgMJY84JWiloMuQnPezZv1u2i9XvKo3h7tK/JxUIEejX/7qDhRNYyaRCmJM4HsJ9jKikVPBpqVualhC6JgMWWCpJDEzvWx+8tQ9s8rAjZS2JdGdq78nMhIbM4lD2xkTHJllbyb+5wUpRje9jMskRSbpYlGUCheVO/vfHXDNKIqJJYRqbm916YhoQtGmVLIh+Msvr5LHy6rvVf3mVaV2m8dRhBM4hQvw4RpqcA8NaAEFBc/wCm8OOi/Ou/OxaC04+cwx/IHz+QOnjpDU</latexit>

❖ The SM             and the rest of the SM spectrum below ⇤diag
<latexit sha1_base64="CyVX1AjhX3fGjcWQNS1lC8IKGTE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXRbduHBRwT6gDWEymbRDJ5MwcyOGUH/FjQtF3Poh7vwbp20W2npg4HDOudw7J0gF1+A439bK6tr6xmZlq7q9s7u3bx8cdnSSKcraNBGJ6gVEM8ElawMHwXqpYiQOBOsG4+up331gSvNE3kOeMi8mQ8kjTgkYybdrg1sTDok/APYIRcjJcOLbdafhzICXiVuSOirR8u2vQZjQLGYSqCBa910nBa8gCjgVbFIdZJqlhI7JkPUNlSRm2itmx0/wiVFCHCXKPAl4pv6eKEisdR4HJhkTGOlFbyr+5/UziC69gss0AybpfFGUCQwJnjaBQ64YBZEbQqji5lZMR0QRCqavqinBXfzyMumcNVyn4d6d15tXZR0VdISO0Sly0QVqohvUQm1EUY6e0St6s56sF+vd+phHV6xypob+wPr8ASKElRM=</latexit><latexit sha1_base64="CyVX1AjhX3fGjcWQNS1lC8IKGTE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXRbduHBRwT6gDWEymbRDJ5MwcyOGUH/FjQtF3Poh7vwbp20W2npg4HDOudw7J0gF1+A439bK6tr6xmZlq7q9s7u3bx8cdnSSKcraNBGJ6gVEM8ElawMHwXqpYiQOBOsG4+up331gSvNE3kOeMi8mQ8kjTgkYybdrg1sTDok/APYIRcjJcOLbdafhzICXiVuSOirR8u2vQZjQLGYSqCBa910nBa8gCjgVbFIdZJqlhI7JkPUNlSRm2itmx0/wiVFCHCXKPAl4pv6eKEisdR4HJhkTGOlFbyr+5/UziC69gss0AybpfFGUCQwJnjaBQ64YBZEbQqji5lZMR0QRCqavqinBXfzyMumcNVyn4d6d15tXZR0VdISO0Sly0QVqohvUQm1EUY6e0St6s56sF+vd+phHV6xypob+wPr8ASKElRM=</latexit><latexit sha1_base64="CyVX1AjhX3fGjcWQNS1lC8IKGTE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXRbduHBRwT6gDWEymbRDJ5MwcyOGUH/FjQtF3Poh7vwbp20W2npg4HDOudw7J0gF1+A439bK6tr6xmZlq7q9s7u3bx8cdnSSKcraNBGJ6gVEM8ElawMHwXqpYiQOBOsG4+up331gSvNE3kOeMi8mQ8kjTgkYybdrg1sTDok/APYIRcjJcOLbdafhzICXiVuSOirR8u2vQZjQLGYSqCBa910nBa8gCjgVbFIdZJqlhI7JkPUNlSRm2itmx0/wiVFCHCXKPAl4pv6eKEisdR4HJhkTGOlFbyr+5/UziC69gss0AybpfFGUCQwJnjaBQ64YBZEbQqji5lZMR0QRCqavqinBXfzyMumcNVyn4d6d15tXZR0VdISO0Sly0QVqohvUQm1EUY6e0St6s56sF+vd+phHV6xypob+wPr8ASKElRM=</latexit><latexit sha1_base64="CyVX1AjhX3fGjcWQNS1lC8IKGTE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXRbduHBRwT6gDWEymbRDJ5MwcyOGUH/FjQtF3Poh7vwbp20W2npg4HDOudw7J0gF1+A439bK6tr6xmZlq7q9s7u3bx8cdnSSKcraNBGJ6gVEM8ElawMHwXqpYiQOBOsG4+up331gSvNE3kOeMi8mQ8kjTgkYybdrg1sTDok/APYIRcjJcOLbdafhzICXiVuSOirR8u2vQZjQLGYSqCBa910nBa8gCjgVbFIdZJqlhI7JkPUNlSRm2itmx0/wiVFCHCXKPAl4pv6eKEisdR4HJhkTGOlFbyr+5/UziC69gss0AybpfFGUCQwJnjaBQ64YBZEbQqji5lZMR0QRCqavqinBXfzyMumcNVyn4d6d15tXZR0VdISO0Sly0QVqohvUQm1EUY6e0St6s56sF+vd+phHV6xypob+wPr8ASKElRM=</latexit>

❖ In most of the parameter space, the axions are too heavy to 
produce at colliders
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<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

 ⌫
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⇤CUT
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Collider phenomenology
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❖ Collider accessible states 
are QCD colored “pions”

  

❖ We have a bound on 
color octet scalars

⇤diag & 2.9 TeV
<latexit sha1_base64="HKdxuNQTGe15pH5yw0yMyXsOepU=">AAACFHicbVC7SgNBFJ31GeMramkzGARBCLtBULugjYVFhLwgG8Ls7E0yZPbBzF0xLPsRNv6KjYUithZ2/o2TR6GJBwYO55zLnXu8WAqNtv1tLS2vrK6t5zbym1vbO7uFvf2GjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloesPrsd+8B6VFFNZwFEMnYP1Q9ARnaKRu4dS9NWGfdV2EB0x9wfoZdftoJgJaLl3SqU5r0Mi6haJdsiegi8SZkSKZodotfLl+xJMAQuSSad127Bg7KVMouIQs7yYaYsaHrA9tQ0MWgO6kk6MyemwUn/YiZV6IdKL+nkhZoPUo8EwyYDjQ895Y/M9rJ9i76KQijBOEkE8X9RJJMaLjhqgvFHCUI0MYV8L8lfIBU4yj6TFvSnDmT14kjXLJsUvO3VmxcjWrI0cOyRE5IQ45JxVyQ6qkTjh5JM/klbxZT9aL9W59TKNL1mzmgPyB9fkDIgSeNg==</latexit><latexit sha1_base64="HKdxuNQTGe15pH5yw0yMyXsOepU=">AAACFHicbVC7SgNBFJ31GeMramkzGARBCLtBULugjYVFhLwgG8Ls7E0yZPbBzF0xLPsRNv6KjYUithZ2/o2TR6GJBwYO55zLnXu8WAqNtv1tLS2vrK6t5zbym1vbO7uFvf2GjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloesPrsd+8B6VFFNZwFEMnYP1Q9ARnaKRu4dS9NWGfdV2EB0x9wfoZdftoJgJaLl3SqU5r0Mi6haJdsiegi8SZkSKZodotfLl+xJMAQuSSad127Bg7KVMouIQs7yYaYsaHrA9tQ0MWgO6kk6MyemwUn/YiZV6IdKL+nkhZoPUo8EwyYDjQ895Y/M9rJ9i76KQijBOEkE8X9RJJMaLjhqgvFHCUI0MYV8L8lfIBU4yj6TFvSnDmT14kjXLJsUvO3VmxcjWrI0cOyRE5IQ45JxVyQ6qkTjh5JM/klbxZT9aL9W59TKNL1mzmgPyB9fkDIgSeNg==</latexit><latexit sha1_base64="HKdxuNQTGe15pH5yw0yMyXsOepU=">AAACFHicbVC7SgNBFJ31GeMramkzGARBCLtBULugjYVFhLwgG8Ls7E0yZPbBzF0xLPsRNv6KjYUithZ2/o2TR6GJBwYO55zLnXu8WAqNtv1tLS2vrK6t5zbym1vbO7uFvf2GjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloesPrsd+8B6VFFNZwFEMnYP1Q9ARnaKRu4dS9NWGfdV2EB0x9wfoZdftoJgJaLl3SqU5r0Mi6haJdsiegi8SZkSKZodotfLl+xJMAQuSSad127Bg7KVMouIQs7yYaYsaHrA9tQ0MWgO6kk6MyemwUn/YiZV6IdKL+nkhZoPUo8EwyYDjQ895Y/M9rJ9i76KQijBOEkE8X9RJJMaLjhqgvFHCUI0MYV8L8lfIBU4yj6TFvSnDmT14kjXLJsUvO3VmxcjWrI0cOyRE5IQ45JxVyQ6qkTjh5JM/klbxZT9aL9W59TKNL1mzmgPyB9fkDIgSeNg==</latexit><latexit sha1_base64="HKdxuNQTGe15pH5yw0yMyXsOepU=">AAACFHicbVC7SgNBFJ31GeMramkzGARBCLtBULugjYVFhLwgG8Ls7E0yZPbBzF0xLPsRNv6KjYUithZ2/o2TR6GJBwYO55zLnXu8WAqNtv1tLS2vrK6t5zbym1vbO7uFvf2GjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloesPrsd+8B6VFFNZwFEMnYP1Q9ARnaKRu4dS9NWGfdV2EB0x9wfoZdftoJgJaLl3SqU5r0Mi6haJdsiegi8SZkSKZodotfLl+xJMAQuSSad127Bg7KVMouIQs7yYaYsaHrA9tQ0MWgO6kk6MyemwUn/YiZV6IdKL+nkhZoPUo8EwyYDjQ895Y/M9rJ9i76KQijBOEkE8X9RJJMaLjhqgvFHCUI0MYV8L8lfIBU4yj6TFvSnDmT14kjXLJsUvO3VmxcjWrI0cOyRE5IQ45JxVyQ6qkTjh5JM/klbxZT9aL9W59TKNL1mzmgPyB9fkDIgSeNg==</latexit>

m2(8c) ⇡
9

4⇡
↵QCD⇤

2
diag

<latexit sha1_base64="b/l2YhHXwHpvUYk4r2FtEwDlwSI="></latexit><latexit sha1_base64="b/l2YhHXwHpvUYk4r2FtEwDlwSI="></latexit><latexit sha1_base64="b/l2YhHXwHpvUYk4r2FtEwDlwSI="></latexit><latexit sha1_base64="b/l2YhHXwHpvUYk4r2FtEwDlwSI="></latexit>

ATLAS, arXiv:1710.07171
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❖ We have an updated 
bound on color triplet 
scalars

ATLAS, arXiv:1902.01636

m (⇡d) & 1345 GeV
<latexit sha1_base64="7pvPBPY2u3CSRpH5RtwUTbcp0Uc=">AAACGHicbVC7SgNBFJ31GeMramkzGARt4q5GtAxaaBnBPCAbwuzkbjI4s7vM3BXDks+w8VdsLBSxTeffOHkUvg4MHM65hzv3BIkUBl3305mbX1hcWs6t5FfX1jc2C1vbdROnmkONxzLWzYAZkCKCGgqU0Ew0MBVIaAR3l2O/cQ/aiDi6xUECbcV6kQgFZ2ilTuFIUV9CiAfUT0SnS30ten08pH4PbUhR76R8Sn2EB8zoFdSHnULRLbkT0L/Em5EimaHaKYz8bsxTBRFyyYxpeW6C7YxpFFzCMO+nBhLG71gPWpZGTIFpZ5PDhnTfKl0axtq+COlE/Z7ImDJmoAI7qRj2zW9vLP7ntVIMz9uZiJIUIeLTRWEqKcZ03BLtCg0c5cASxrWwf6W8zzTjaLvM2xK83yf/JfXjkndSOr4pFysXszpyZJfskQPikTNSIdekSmqEk0fyTF7Jm/PkvDjvzsd0dM6ZZXbIDzijL+9WnnY=</latexit>

m2 (3c) ⇡
↵c

⇡
⇤2
diag

<latexit sha1_base64="QbN3axIbrd5IaXWNeCaIGY0nvVg="></latexit>

⇤diag & 7 TeV
<latexit sha1_base64="GFq0tEwcfrlxVu9JK3faPKS6aM4=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ajEMugjYVFhLwgG8Ls7E0yZPbBzF0xLPkGG3/FxkIRWys7/8bJo9DEAwOHc87lzj1eLIVG2/62Miura+sb2c3c1vbO7l5+/6Cho0RxqPNIRqrlMQ1ShFBHgRJasQIWeBKa3vB64jfvQWkRhTUcxdAJWD8UPcEZGqmbP3NvTdhnXRfhAVNfsP6Yun00EwEt05lKa9AYd/MFu2hPQZeJMycFMke1m/9y/YgnAYTIJdO67dgxdlKmUHAJ45ybaIgZH7I+tA0NWQC6k05PGtMTo/i0FynzQqRT9fdEygKtR4FnkgHDgV70JuJ/XjvB3mUnFWGcIIR8tqiXSIoRnfRDfaGAoxwZwrgS5q+UD5hiHE2LOVOCs3jyMmmUis55sXR3UahczevIkiNyTE6JQ8qkQm5IldQJJ4/kmbySN+vJerHerY9ZNGPNZw7JH1ifPykxncQ=</latexit>
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❖                            , naturally separated by RG flow

Summary: unification and heavy axions
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❖ The strong CP problem can be solved using massless quarks 
and unification

❖ Small size instantons provided an extra source of mass for axions

❖ Most promising collider signals come from the exotic pions

SU(6)⇥ SU(3)0
⇤CUT����! SU(3)QCD ⇥ SU(3)diag

<latexit sha1_base64="/KMtHBvue4KfOhXzBZpsh8wNOac="></latexit><latexit sha1_base64="/KMtHBvue4KfOhXzBZpsh8wNOac="></latexit><latexit sha1_base64="/KMtHBvue4KfOhXzBZpsh8wNOac="></latexit><latexit sha1_base64="/KMtHBvue4KfOhXzBZpsh8wNOac="></latexit>

❖ Arrange                              
by decoupling SM quarks

⇤diag � ⇤QCD
<latexit sha1_base64="jdTlMeknGBAcnKWLvCGbP5spRRI=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXZF0DIYCwuLBMwDsiHMzk42Q2YfzNwVw7JfYOOv2FgoYmtt5984SVbQxAMDh3PO5c49biy4Asv6Mgorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xLFBA9ZCzgI1o0lI4ErWMcd16d+545JxaPwFiYx6wfED/mQUwJaGpgV50aHPTJwgN1D6nHiZ9jxffyjp836VTYwy1bVmgEvEzsnZZSjMTA/HS+iScBCoIIo1bOtGPopkcCpYFnJSRSLCR0Tn/U0DUnAVD+dnZPhilY8PIykfiHgmfp7IiWBUpPA1cmAwEgtelPxP6+XwPCin/IwToCFdL5omAgMEZ52gz0uGQUx0YRQyfVfMR0RSSjoBku6BHvx5GXSPq3aVtVunpVrl3kdRXSEjtEJstE5qqFr1EAtRNEDekIv6NV4NJ6NN+N9Hi0Y+cwh+gPj4xvm6Jv9</latexit><latexit sha1_base64="jdTlMeknGBAcnKWLvCGbP5spRRI=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXZF0DIYCwuLBMwDsiHMzk42Q2YfzNwVw7JfYOOv2FgoYmtt5984SVbQxAMDh3PO5c49biy4Asv6Mgorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xLFBA9ZCzgI1o0lI4ErWMcd16d+545JxaPwFiYx6wfED/mQUwJaGpgV50aHPTJwgN1D6nHiZ9jxffyjp836VTYwy1bVmgEvEzsnZZSjMTA/HS+iScBCoIIo1bOtGPopkcCpYFnJSRSLCR0Tn/U0DUnAVD+dnZPhilY8PIykfiHgmfp7IiWBUpPA1cmAwEgtelPxP6+XwPCin/IwToCFdL5omAgMEZ52gz0uGQUx0YRQyfVfMR0RSSjoBku6BHvx5GXSPq3aVtVunpVrl3kdRXSEjtEJstE5qqFr1EAtRNEDekIv6NV4NJ6NN+N9Hi0Y+cwh+gPj4xvm6Jv9</latexit><latexit sha1_base64="jdTlMeknGBAcnKWLvCGbP5spRRI=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXZF0DIYCwuLBMwDsiHMzk42Q2YfzNwVw7JfYOOv2FgoYmtt5984SVbQxAMDh3PO5c49biy4Asv6Mgorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xLFBA9ZCzgI1o0lI4ErWMcd16d+545JxaPwFiYx6wfED/mQUwJaGpgV50aHPTJwgN1D6nHiZ9jxffyjp836VTYwy1bVmgEvEzsnZZSjMTA/HS+iScBCoIIo1bOtGPopkcCpYFnJSRSLCR0Tn/U0DUnAVD+dnZPhilY8PIykfiHgmfp7IiWBUpPA1cmAwEgtelPxP6+XwPCin/IwToCFdL5omAgMEZ52gz0uGQUx0YRQyfVfMR0RSSjoBku6BHvx5GXSPq3aVtVunpVrl3kdRXSEjtEJstE5qqFr1EAtRNEDekIv6NV4NJ6NN+N9Hi0Y+cwh+gPj4xvm6Jv9</latexit><latexit sha1_base64="jdTlMeknGBAcnKWLvCGbP5spRRI=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXZF0DIYCwuLBMwDsiHMzk42Q2YfzNwVw7JfYOOv2FgoYmtt5984SVbQxAMDh3PO5c49biy4Asv6Mgorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xLFBA9ZCzgI1o0lI4ErWMcd16d+545JxaPwFiYx6wfED/mQUwJaGpgV50aHPTJwgN1D6nHiZ9jxffyjp836VTYwy1bVmgEvEzsnZZSjMTA/HS+iScBCoIIo1bOtGPopkcCpYFnJSRSLCR0Tn/U0DUnAVD+dnZPhilY8PIykfiHgmfp7IiWBUpPA1cmAwEgtelPxP6+XwPCin/IwToCFdL5omAgMEZ52gz0uGQUx0YRQyfVfMR0RSSjoBku6BHvx5GXSPq3aVtVunpVrl3kdRXSEjtEJstE5qqFr1EAtRNEDekIv6NV4NJ6NN+N9Hi0Y+cwh+gPj4xvm6Jv9</latexit>

‣ Decoupling the unification partners 
requires additional model building

⇤CUT � ⇤diag
<latexit sha1_base64="wIsIGNgrrpnPorUbJrM4hS8GJco=">AAACD3icbVC7SgNBFJ31GeMramkzGBSrsBsFLYNpLCwiZJNAdllmZyebIbMPZu6KYckf2PgrNhaK2Nra+TdOHogmHhg4nHMud+7xU8EVmOaXsbS8srq2Xtgobm5t7+yW9vZbKskkZTZNRCI7PlFM8JjZwEGwTioZiXzB2v6gPvbbd0wqnsRNGKbMjUgY8x6nBLTklU6wc6PTAfHyut0cYScMfxQH2D3kASfhyCuVzYo5AV4k1oyU0QwNr/TpBAnNIhYDFUSprmWm4OZEAqeCjYpOplhK6ICErKtpTCKm3HxyzwgfayXAvUTqFwOeqL8nchIpNYx8nYwI9NW8Nxb/87oZ9C7dnMdpBiym00W9TGBI8LgcHHDJKIihJoRKrv+KaZ9IQkFXWNQlWPMnL5JWtWKdVaq35+Xa1ayOAjpER+gUWegC1dA1aiAbUfSAntALejUejWfjzXifRpeM2cwB+gPj4xtUkpw/</latexit>
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Gravitational wave phenomenology
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❖ First order phase transitions 
can produce gravitational 
waves 

❖ Complementary probe of hidden sectors:

M. Hindmarsh, S. Huber, 
K. Rummukainen, D. Weir, 
arXiv:1504.03291
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• Spontaneous symmetry breaking

Witten (1984) C. Hogan (1986)

J. Jaeckel, V. V. Khoze, 
M. Spannowsky, arXiv:
1602.03901

P. Schwaller, arXiv:1504,07263

D. Croon, V. Sanz, G. White, arXiv:1806.02332

• Confining exotic color sectors
A. J. Helmboldt, J. Kubo, S. van der Woude, arXiv: 1904.07891
Y. Bai, A. J. Long, S. Lu, arXiv:1810.04360
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Gravitational Waves and Confining Sectors
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❖ First order phase transition at 
confinement if

❖ Model building can motivate parameters in the low energy EFT

A. J. Helmboldt, J. Kubo, S. van der 
Woude, arXiv: 1904.07891

Y. Bai, A. J. Long, S. Lu, arXiv:1810.04360

❖ Gravitational waves can probe 
confining exotic color sectors

NF � 3
<latexit sha1_base64="PIqM/akXcwRrp5bESudeXBvTfaA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewmgh6DgniSCOaByRJmJ73JkNnZdWZWCCF/4cWDIl79G2/+jZPHQRMLGoqqbrq7gkRwbVz328msrK6tb2Q3c1vbO7t7+f2Duo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgGVxO/8YRK81jem2GCfkR7koecUWOlh9vONWn38JGUO/mCW3SnIMvEm5MCzFHt5L/a3ZilEUrDBNW65bmJ8UdUGc4EjnPtVGNC2YD2sGWppBFqfzS9eExOrNIlYaxsSUOm6u+JEY20HkaB7Yyo6etFbyL+57VSE174Iy6T1KBks0VhKoiJyeR90uUKmRFDSyhT3N5KWJ8qyowNKWdD8BZfXib1UtErF0t3Z4XK5TyOLBzBMZyCB+dQgRuoQg0YSHiGV3hztPPivDsfs9aMM585hD9wPn8AFsKP4Q==</latexit>

❖ Use a low energy effective theory to try and parameterize the 
behavior of the potential at Tc

<latexit sha1_base64="82IFnva339rhn9hxehyCyDmWCEk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFiv6ANZbOdtEs3m7C7EUroT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZn77CZXmsWyYSYJ+RIeSh5xRY6XHRp/1S2W34s5BVomXkzLkqPdLX71BzNIIpWGCat313MT4GVWGM4HTYi/VmFA2pkPsWipphNrP5qdOyblVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmf5MBV8iMmFhCmeL2VsJGVFFmbDpFG4K3/PIqaVUr3mWl+nBVrt3mcRTgFM7gAjy4hhrcQx2awGAIz/AKb45wXpx352PRuubkMyfwB87nDyHujbI=</latexit>

- Linear Sigma Model
- Nambu-Jona-Lasinio Model

 

Pisarski, Wilczek (1984)

NF = 3
<latexit sha1_base64="c4gc/5D/vbXHhFXCRFekFUzCM8M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRUE8SQXXFtqlZNNsG5pklyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsZJ/17u5rPfKFbfqzoCWiZeTCuRo9spf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2O3aCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFFkDGZpIZKMl8UpRyZGE0/R32mKDF8bAkmitlbERlihYmx+ZRsCN7iy8vksVb16tXa/VmlcZXHUYQjOIZT8OAcGnALTfCBAINneIU3RzovzrvzMW8tOPnMIfyB8/kD4ouOEw==</latexit>

NF = 3
<latexit sha1_base64="c4gc/5D/vbXHhFXCRFekFUzCM8M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRUE8SQXXFtqlZNNsG5pklyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3Dx51nCpCfRLzWLVDrClnkvqGGU7biaJYhJy2wtH11G89UaVZLB/MOKGBwAPJIkawsZJ/17u5rPfKFbfqzoCWiZeTCuRo9spf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2O3aCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFFkDGZpIZKMl8UpRyZGE0/R32mKDF8bAkmitlbERlihYmx+ZRsCN7iy8vksVb16tXa/VmlcZXHUYQjOIZT8OAcGnALTfCBAINneIU3RzovzrvzMW8tOPnMIfyB8/kD4ouOEw==</latexit>
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Generic properties of dynamical axion models
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❖ N_F = 3atS           confinement

❖ First order PT at 
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Pisarski, Wilczek (1984)

❖ Quadratically divergent mass 
terms for pions

m2(⇡) ⇠ ⇤̃2
<latexit sha1_base64="A+zC8XrTCp+SRVLw84XNury69z4=">AAACB3icbVDLSgMxFM34rPU16lKQYBHqpsyMgi6Lbly4qGAf0JmWTCbThiaZIckIpXTnxl9x40IRt/6CO//GtJ2Fth64cDjn3uTeE6aMKu0439bS8srq2npho7i5tb2za+/tN1SSSUzqOGGJbIVIEUYFqWuqGWmlkiAeMtIMB9cTv/lApKKJuNfDlAQc9QSNKUbaSF37iHe8sp/SU+gryqGvKYsI9G/NCxHqeF275FScKeAicXNSAjlqXfvLjxKccSI0ZkiptuukOhghqSlmZFz0M0VShAeoR9qGCsSJCkbTO8bwxCgRjBNpSmg4VX9PjBBXashD08mR7qt5byL+57UzHV8GIyrSTBOBZx/FGYM6gZNQYEQlwZoNDUFYUrMrxH0kEdYmuqIJwZ0/eZE0vIp7VvHuzkvVqzyOAjgEx6AMXHABquAG1EAdYPAInsEreLOerBfr3fqYtS5Z+cwB+APr8wfKc5f+</latexit>

❖ Massless messenger fields Plot lifted from: Bai, Long, Lu, arXiv:1810.04360

1st
<latexit sha1_base64="TF1X+r/VhJRIr3Ry7dLKOngBuSg="></latexit>

NF � 3
<latexit sha1_base64="PIqM/akXcwRrp5bESudeXBvTfaA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewmgh6DgniSCOaByRJmJ73JkNnZdWZWCCF/4cWDIl79G2/+jZPHQRMLGoqqbrq7gkRwbVz328msrK6tb2Q3c1vbO7t7+f2Duo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgGVxO/8YRK81jem2GCfkR7koecUWOlh9vONWn38JGUO/mCW3SnIMvEm5MCzFHt5L/a3ZilEUrDBNW65bmJ8UdUGc4EjnPtVGNC2YD2sGWppBFqfzS9eExOrNIlYaxsSUOm6u+JEY20HkaB7Yyo6etFbyL+57VSE174Iy6T1KBks0VhKoiJyeR90uUKmRFDSyhT3N5KWJ8qyowNKWdD8BZfXib1UtErF0t3Z4XK5TyOLBzBMZyCB+dQgRuoQg0YSHiGV3hztPPivDsfs9aMM585hD9wPn8AFsKP4Q==</latexit>

Nf=6    : Iwasaki, Kanaya, Sakai, Yoshié, hep-lat/9504019NF = 6
<latexit sha1_base64="USg+gXS7G1d+zOUaPCPwgXhAMCM="></latexit>

⇤̃ ⇠ 3 TeV
<latexit sha1_base64="tEafbGIZw8/TSVsBfUMTR8ZDuVc=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhd1E0DJoY2ERIS/IhjA7e5MMmX0wc1cMS2obf8XGQhFbv8DOv3HyKDTxwMDhnHu4c48XS6HRtr+tzMrq2vpGdjO3tb2zu5ffP2joKFEc6jySkWp5TIMUIdRRoIRWrIAFnoSmN7ye+M17UFpEYQ1HMXQC1g9FT3CGRurmj10U0gfq3pqMz6irRUDL1EV4wJTWoDHu5gt20Z6CLhNnTgpkjmo3/+X6EU8CCJFLpnXbsWPspEyh4BLGOTfREDM+ZH1oGxqyAHQnnZ4ypqdG8WkvUuaFSKfq70TKAq1HgWcmA4YDvehNxP+8doK9y04qwjhBCPlsUS+RFCM66YX6QgFHOTKEcSXMXykfMMU4mvZypgRn8eRl0igVnXKxdHdeqFzN68iSI3JCzohDLkiF3JAqqRNOHskzeSVv1pP1Yr1bH7PRjDXPHJI/sD5/ALd+maQ=</latexit>
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Plot lifted from: Bai, Long, Lu, arXiv:1810.04360
Nf=6    : Iwasaki, Kanaya, Sakai, Yoshié, hep-lat/9504019

Generic properties of dynamical axion models
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❖ Massless messenger fields

Dynamical 
axion models

1st
<latexit sha1_base64="TF1X+r/VhJRIr3Ry7dLKOngBuSg="></latexit>

NF = 6
<latexit sha1_base64="USg+gXS7G1d+zOUaPCPwgXhAMCM="></latexit>

❖ N_F = 3atS           confinement

❖ First order PT at 

SU(Ñ)
<latexit sha1_base64="xem0pIzTucyXjaqOMz2cTp7OUSo=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0mqoMeiF09S0bSFNpTNZtMu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZ5yecKW3b39bK6tr6xmZhq7i9s7u3Xzo4bKo4lYS6JOaxbPtYUc4EdTXTnLYTSXHkc9ryhzdTvzWiUrFYPOpxQr0I9wULGcHaSN6DW+lqxgOK7tBZr1S2q/YMaJk4OSlDjkav9NUNYpJGVGjCsVIdx060l2GpGeF0UuymiiaYDHGfdgwVOKLKy2ZHT9CpUQIUxtKU0Gim/p7IcKTUOPJNZ4T1QC16U/E/r5Pq8MrLmEhSTQWZLwpTjnSMpgmggElKNB8bgolk5lZEBlhiok1ORROCs/jyMmnWqs55tXZ/Ua5f53EU4BhOoAIOXEIdbqEBLhB4gmd4hTdrZL1Y79bHvHXFymeO4A+szx8GqZD1</latexit>

 

Pisarski, Wilczek (1984)

❖ Quadratically divergent mass 
terms for pions

m2(⇡) ⇠ ⇤̃2
<latexit sha1_base64="A+zC8XrTCp+SRVLw84XNury69z4=">AAACB3icbVDLSgMxFM34rPU16lKQYBHqpsyMgi6Lbly4qGAf0JmWTCbThiaZIckIpXTnxl9x40IRt/6CO//GtJ2Fth64cDjn3uTeE6aMKu0439bS8srq2npho7i5tb2za+/tN1SSSUzqOGGJbIVIEUYFqWuqGWmlkiAeMtIMB9cTv/lApKKJuNfDlAQc9QSNKUbaSF37iHe8sp/SU+gryqGvKYsI9G/NCxHqeF275FScKeAicXNSAjlqXfvLjxKccSI0ZkiptuukOhghqSlmZFz0M0VShAeoR9qGCsSJCkbTO8bwxCgRjBNpSmg4VX9PjBBXashD08mR7qt5byL+57UzHV8GIyrSTBOBZx/FGYM6gZNQYEQlwZoNDUFYUrMrxH0kEdYmuqIJwZ0/eZE0vIp7VvHuzkvVqzyOAjgEx6AMXHABquAG1EAdYPAInsEreLOerBfr3fqYtS5Z+cwB+APr8wfKc5f+</latexit>

NF � 3
<latexit sha1_base64="PIqM/akXcwRrp5bESudeXBvTfaA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewmgh6DgniSCOaByRJmJ73JkNnZdWZWCCF/4cWDIl79G2/+jZPHQRMLGoqqbrq7gkRwbVz328msrK6tb2Q3c1vbO7t7+f2Duo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AgGVxO/8YRK81jem2GCfkR7koecUWOlh9vONWn38JGUO/mCW3SnIMvEm5MCzFHt5L/a3ZilEUrDBNW65bmJ8UdUGc4EjnPtVGNC2YD2sGWppBFqfzS9eExOrNIlYaxsSUOm6u+JEY20HkaB7Yyo6etFbyL+57VSE174Iy6T1KBks0VhKoiJyeR90uUKmRFDSyhT3N5KWJ8qyowNKWdD8BZfXib1UtErF0t3Z4XK5TyOLBzBMZyCB+dQgRuoQg0YSHiGV3hztPPivDsfs9aMM585hD9wPn8AFsKP4Q==</latexit>

⇤̃ ⇠ 3 TeV
<latexit sha1_base64="tEafbGIZw8/TSVsBfUMTR8ZDuVc=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhd1E0DJoY2ERIS/IhjA7e5MMmX0wc1cMS2obf8XGQhFbv8DOv3HyKDTxwMDhnHu4c48XS6HRtr+tzMrq2vpGdjO3tb2zu5ffP2joKFEc6jySkWp5TIMUIdRRoIRWrIAFnoSmN7ye+M17UFpEYQ1HMXQC1g9FT3CGRurmj10U0gfq3pqMz6irRUDL1EV4wJTWoDHu5gt20Z6CLhNnTgpkjmo3/+X6EU8CCJFLpnXbsWPspEyh4BLGOTfREDM+ZH1oGxqyAHQnnZ4ypqdG8WkvUuaFSKfq70TKAq1HgWcmA4YDvehNxP+8doK9y04qwjhBCPlsUS+RFCM66YX6QgFHOTKEcSXMXykfMMU4mvZypgRn8eRl0igVnXKxdHdeqFzN68iSI3JCzohDLkiF3JAqqRNOHskzeSVv1pP1Yr1bH7PRjDXPHJI/sD5/ALd+maQ=</latexit>
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Dynamical Axion Models

A. Hook, arXiv:1411.3325

 

NF = 3
<latexit sha1_base64="jljO+oO+Xoh1ftV+d1cZhwWwEnw="></latexit>

NF = 4
<latexit sha1_base64="p4ixQy5nEPvLf0w82flXEomOWQU="></latexit>

  

 

K. Choi, J. E. Kim (1985)
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(2)         explicitly breaks

 confinement NF=3

�43

SU(3)L ⇥ SU(3)R ⇥ U(1)L ⇥ U(1)R ! SU(3)V ⇥ U(1)V
<latexit sha1_base64="nKfP81g9NCsFuQU+s0NTr8O3gLU=">AAACNXicbVBJS8NAFJ641rpFPXoZLEK9lKQV9Fj04qGHuiQttCFMptN26GRhZiKU0D/lxf/hSQ8eFPHqX3CSRujig4FveY837/MiRoU0jDdtZXVtfWOzsFXc3tnd29cPDm0RxhwTC4cs5G0PCcJoQCxJJSPtiBPke4y0vNF16rceCRc0DB7kOCKOjwYB7VOMpJJcvXFvlWtnbgN2JfWJgFN690etsjljZiz1wrzPnnNsVy8ZFSMruAzMHJRAXk1Xf+n2Qhz7JJCYISE6phFJJ0FcUszIpNiNBYkQHqEB6SgYILXLSbKrJ/BUKT3YD7l6gYSZOjuRIF+Ise+pTh/JoVj0UvE/rxPL/qWT0CCKJQnwdFE/ZlCdnUYIe5QTLNlYAYQ5VX+FeIg4wlIFXVQhmIsnLwO7WjFrlerteal+lcdRAMfgBJSBCS5AHdyAJrAABk/gFXyAT+1Ze9e+tO9p64qWzxyBudJ+fgE4maZJ</latexit>

❖ Spontaneous chiral symmetry breaking: 

❖ Resulting Goldstone Bosons:

Explicit symmetry breaking effects:

9 ! 8c + 1c = ⇡8 + ⌘0
<latexit sha1_base64="Bb066hHZ7BzOkdsrdw3vyfSJ7zM=">AAACCXicbVDLSgMxFM3UV62vUZdugkUUhDJTBetCKLpxWcE+oDMMmTTThmYeJHeEMnTrxl9x40IRt/6BO//GtJ2Ftl5IODnnXm7O8RPBFVjWt1FYWl5ZXSuulzY2t7Z3zN29lopTSVmTxiKWHZ8oJnjEmsBBsE4iGQl9wdr+8Gaitx+YVDyO7mGUMDck/YgHnBLQlGfiS+xAjGsexafY1je+wk7CvZp+OgzIsWeWrYo1LbwI7ByUUV4Nz/xyejFNQxYBFUSprm0l4GZEAqeCjUtOqlhC6JD0WVfDiIRMudnUyRgfaaaHg1jqEwGesr8nMhIqNQp93RkSGKh5bUL+p3VTCGpuxqMkBRbR2aIgFVh7n8SCe1wyCmKkAaGS679iOiCSUNDhlXQI9rzlRdCqVuyzSvXuvFy/zuMoogN0iE6QjS5QHd2iBmoiih7RM3pFb8aT8WK8Gx+z1oKRz+yjP2V8/gC+9JaQ</latexit>

 

(1) QCD explicitly breaksSU(3)V
<latexit sha1_base64="2B+fHyQgYrb969DSoKpGbi6hYWw=">AAAB7nicbVBNTwIxEJ31E/EL9eilkZjgheyCiR6JXjxidIEENqRbutDQbTdt14Rs+BFePGiMV3+PN/+NBfag4EsmeXlvJjPzwoQzbVz321lb39jc2i7sFHf39g8OS0fHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTsc38789hNVmknxaCYJDWI8FCxiBBsrtR/8Sv2i3+qXym7VnQOtEi8nZcjR7Je+egNJ0pgKQzjWuuu5iQkyrAwjnE6LvVTTBJMxHtKupQLHVAfZ/NwpOrfKAEVS2RIGzdXfExmOtZ7Eoe2MsRnpZW8m/ud1UxNdBxkTSWqoIItFUcqRkWj2OxowRYnhE0swUczeisgIK0yMTahoQ/CWX14lrVrVq1dr95flxk0eRwFO4Qwq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWNSefOYE/cD5/AO3TjqU=</latexit>

GG̃
<latexit sha1_base64="swlTuzigjxLPIBr3UjgFeaPoq8k=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FD/VYwX5Iu5RsdrYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nikKLxjxW3YBo4ExCyzDDoZsoICLg0AnGtzO/8wRKs1g+mEkCviBDySJGibHSY6NvGA8BNwblilt158CrxMtJBeVoDspf/TCmqQBpKCda9zw3MX5GlGGUw7TUTzUkhI7JEHqWSiJA+9n84Ck+s0qIo1jZkgbP1d8TGRFaT0RgOwUxI73szcT/vF5qoms/YzJJDUi6WBSlHJsYz77HIVNADZ9YQqhi9lZMR0QRamxGJRuCt/zyKmnXqt5FtXZ/Wanf5HEU0Qk6RefIQ1eoju5QE7UQRQI9o1f05ijnxXl3PhatBSefOUZ/4Hz+AB0Qj/Q=</latexit>

U(1)A
<latexit sha1_base64="e/dvoHc70Kr52dTdfp8plauVlxo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KrJnpEvXjExAUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9q77pUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3Xju7v6jUb/I4inAEx1AFDy6hDnfQAB8IPMIzvMKbI50X5935mLcWnHzmEP7A+fwBJkWOMQ==</latexit>

SU(3̃)
<latexit sha1_base64="52Tp2DEtti4sdM6ByUx+S1vi4uI="></latexit>

➡ The et  is a visible 
dynamical axion

⌘0
<latexit sha1_base64="SArE1G79zJZXGFFstlSXTRrqhOk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mqoMeiF48VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ94jjlQUwHSkSCUbSS3+VIz3vlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKObYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ipp1qreZbX2cFWp3+ZxFOEETuECPLiGOtxDA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4Aa8yObQ==</latexit>

m2(⇡8) ⇠ ⇤̃2
<latexit sha1_base64="dnFkTGYsgUAhV7F7IDocxtiJOJ0=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhlqZKARMcKFgaGItGH1KSR4zitVTuJbAepirqy8CssDCDEyh+w8Te4bQZoOdKVjs651773BCmjUlnWt7Gyura+sVnaKm/v7O7tmweHbZlkApMWTlgiugGShNGYtBRVjHRTQRAPGOkEo+up33kgQtIkvlfjlHgcDWIaUYyUlnwT8r5TdVPq18+gKymHrqIsJNC91W+EqO/4ZsWqWTPAZWIXpAIKNH3zyw0TnHESK8yQlD3bSpWXI6EoZmRSdjNJUoRHaEB6msaIE+nls0sm8FQrIYwSoStWcKb+nsgRl3LMA93JkRrKRW8q/uf1MhXVvZzGaaZIjOcfRRmDKoHTWGBIBcGKjTVBWFC9K8RDJBBWOryyDsFePHmZtJ2afV5z7i4qjasijhI4BiegCmxwCRrgBjRBC2DwCJ7BK3gznowX4934mLeuGMXMEfgD4/MHDI2YqQ==</latexit>

m2(⌘0) ⇠ ⇤̃2
<latexit sha1_base64="RM8gUdGdLa63W10kTdE1HF+y+iU=">AAACCXicbVC7SgNBFJ31GeMramkzGERtwm4UtAzaWFhEMA/IrmF29q4OzuwuM3eFENLa+Cs2ForY+gd2/o2TR6HRAxcO59w7c+8JMykMuu6XMzM7N7+wWFgqLq+srq2XNjabJs01hwZPZarbITMgRQINFCihnWlgKpTQCu/Ohn7rHrQRaXKFvQwCxW4SEQvO0ErdElXX1X0fkO0dUN8IRX0UMgLqX9g3InZd7ZbKbsUdgf4l3oSUyQT1bunTj1KeK0iQS2ZMx3MzDPpMo+ASBkU/N5AxfsduoGNpwhSYoD+6ZEB3rRLRONW2EqQj9edEnyljeiq0nYrhrZn2huJ/XifH+CToiyTLERI+/ijOJcWUDmOhkdDAUfYsYVwLuyvlt0wzjja8og3Bmz75L2lWK95hpXp5VK6dTuIokG2yQ/aJR45JjZyTOmkQTh7IE3khr86j8+y8Oe/j1hlnMrNFfsH5+Ab0YJia</latexit>

 

NF = 3
<latexit sha1_base64="jljO+oO+Xoh1ftV+d1cZhwWwEnw="></latexit>
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SU(4)V
<latexit sha1_base64="irTBc1qJITQlY/S65Ldv1yMLKCo=">AAAB7nicbVBNTwIxEJ31E/EL9eilkZjghewiiR6JXjxidIEENqRbutDQ7TZt14Rs+BFePGiMV3+PN/+NBfag4EsmeXlvJjPzQsmZNq777aytb2xubRd2irt7+weHpaPjlk5SRahPEp6oTog15UxQ3zDDaUcqiuOQ03Y4vp357SeqNEvEo5lIGsR4KFjECDZWaj/4lfpFv9Uvld2qOwdaJV5OypCj2S999QYJSWMqDOFY667nShNkWBlGOJ0We6mmEpMxHtKupQLHVAfZ/NwpOrfKAEWJsiUMmqu/JzIcaz2JQ9sZYzPSy95M/M/rpia6DjImZGqoIItFUcqRSdDsdzRgihLDJ5Zgopi9FZERVpgYm1DRhuAtv7xKWrWqd1mt3dfLjZs8jgKcwhlUwIMraMAdNMEHAmN4hld4c6Tz4rw7H4vWNSefOYE/cD5/AO9ajqY=</latexit>
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Explicit symmetry breaking effects:

 

(1) QCD explicitly breaks

SU(Ñ)
<latexit sha1_base64="QToxNpPuC0gpFd6xI4BOHYucgrE="></latexit>

15 + 1 ! 8c + 3c + 3̄c + 1c + 1c = ⇡8 + ⇡3 + ⇡̄3 + ⌘0 + ⌘0�
<latexit sha1_base64="dsm/k49xFrMVbFxe3tbHciy6QiU="></latexit>

15 + 1 ! 8c + 3c + 3̄c + 1c + 1c = ⇡8 + ⇡3 + ⇡̄3 + ⌘0 + ⌘0�
<latexit sha1_base64="dsm/k49xFrMVbFxe3tbHciy6QiU="></latexit>

❖ Resulting 
Goldstone Bosons:

U(4)L ⇥ U(4)R ! U(4)V
<latexit sha1_base64="cv7aT2HRe0t61QFzs/mXtag9B+s=">AAACCHicbVC7SgNBFL3rM8bXqqWFg0GITdiNAS2DNhYWUdwkkCzL7GQ2GTL7YGZWCEtKG3/FxkIRWz/Bzr9xkmyhiQcGzj33Xu6c4yecSWVZ38bS8srq2npho7i5tb2za+7tN2WcCkIdEvNYtH0sKWcRdRRTnLYTQXHoc9ryh1eTfuuBCsni6F6NEuqGuB+xgBGstOSZR065durdoK5iIZVoWt3pKp7RpmeWrIo1BVokdk5KkKPhmV/dXkzSkEaKcCxlx7YS5WZYKEY4HRe7qaQJJkPcpx1NI6zPutnUyBidaKWHgljoFyk0VX9vZDiUchT6ejLEaiDnexPxv14nVcGFm7EoSRWNyOxQkHKkfU5SQT0mKFF8pAkmgum/IjLAAhOlsyvqEOx5y4ukWa3YZ5Xqba1Uv8zjKMAhHEMZbDiHOlxDAxwg8AjP8ApvxpPxYrwbH7PRJSPfOYA/MD5/APWXlsE=</latexit>

Spontaneous symmetry breaking:

(2)         explicitly breaks
 

GG̃
<latexit sha1_base64="swlTuzigjxLPIBr3UjgFeaPoq8k=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FD/VYwX5Iu5RsdrYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nikKLxjxW3YBo4ExCyzDDoZsoICLg0AnGtzO/8wRKs1g+mEkCviBDySJGibHSY6NvGA8BNwblilt158CrxMtJBeVoDspf/TCmqQBpKCda9zw3MX5GlGGUw7TUTzUkhI7JEHqWSiJA+9n84Ck+s0qIo1jZkgbP1d8TGRFaT0RgOwUxI73szcT/vF5qoms/YzJJDUi6WBSlHJsYz77HIVNADZ9YQqhi9lZMR0QRamxGJRuCt/zyKmnXqt5FtXZ/Wanf5HEU0Qk6RefIQ1eoju5QE7UQRQI9o1f05ijnxXl3PhatBSefOUZ/4Hz+AB0Qj/Q=</latexit>

U(1)A
<latexit sha1_base64="e/dvoHc70Kr52dTdfp8plauVlxo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KrJnpEvXjExAUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9q77pUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3Xju7v6jUb/I4inAEx1AFDy6hDnfQAB8IPMIzvMKbI50X5935mLcWnHzmEP7A+fwBJkWOMQ==</latexit>

m(⌘02)f̃ ⇠ m⇡f⇡
<latexit sha1_base64="Pgjk4I85IONjDM6rgyO2iLag7QE=">AAACD3icbVA9SwNBEN3z2/h1ammzGNTYhLsoaBm0sVQwJpALx95mLlmye3fszgkh5B/Y+FdsLBSxtbXz37iJKTTxwQyP92bYnRdlUhj0vC9nbn5hcWl5ZbWwtr6xueVu79yZNNccajyVqW5EzIAUCdRQoIRGpoGpSEI96l2O/Po9aCPS5Bb7GbQU6yQiFpyhlUL3UJVoAMiOwgo9pgEK2QYa08AIRVUYZILGox66Ra/sjUFniT8hRTLBdeh+Bu2U5woS5JIZ0/S9DFsDplFwCcNCkBvIGO+xDjQtTZgC0xqM7xnSA6u0aZxqWwnSsfp7Y8CUMX0V2UnFsGumvZH4n9fMMT5vDUSS5QgJ/3koziXFlI7CoW2hgaPsW8K4FvavlHeZZhxthAUbgj998iy5q5T9k3Ll5rRYvZjEsUL2yD4pEZ+ckSq5ItekRjh5IE/khbw6j86z8+a8/4zOOZOdXfIHzsc3oTaaiw==</latexit>

❖ The anomaly only gives 
mass to one ⌘0

<latexit sha1_base64="SArE1G79zJZXGFFstlSXTRrqhOk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mqoMeiF48VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ94jjlQUwHSkSCUbSS3+VIz3vlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKObYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ipp1qreZbX2cFWp3+ZxFOEETuECPLiGOtxDA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4Aa8yObQ==</latexit>

❖ The light      is an invisible 
dynamical axion

m2(⇡8,⇡3) ⇠ ⇤̃2
<latexit sha1_base64="PJ4r71pWj2V04V6u86veMZuG2sU=">AAACEHicbVDLSgMxFM3UV62vqks3wSJWkDIzFeyy6MaFiwr2AZ12yGQybWiSGZKMUEo/wY2/4saFIm5duvNvTB8LbT0Qcjjn3pvcEySMKm3b31ZmZXVtfSO7mdva3tndy+8fNFScSkzqOGaxbAVIEUYFqWuqGWklkiAeMNIMBtcTv/lApKKxuNfDhHQ46gkaUYy0kfz8Ke+6RS+hfuUcTq4yPIOeohx6mrKQeLdmVIi6rp8v2CV7CrhMnDkpgDlqfv7LC2OcciI0ZkiptmMnujNCUlPMyDjnpYokCA9Qj7QNFYgT1RlNFxrDE6OEMIqlOULDqfq7Y4S4UkMemEqOdF8tehPxP6+d6qjSGVGRpJoIPHsoShnUMZykA0MqCdZsaAjCkpq/QtxHEmFtMsyZEJzFlZdJwy055ZJ7d1GoXs3jyIIjcAyKwAGXoApuQA3UAQaP4Bm8gjfryXqx3q2PWWnGmvccgj+wPn8AfY+bAg==</latexit>

m2(⌘01) ⇠ ⇤̃2
<latexit sha1_base64="kNT2/TVRSfskYk/L9eNl6BtA5O0=">AAACDXicbVC7TgMxEPTxJrwClDQWAQFNdBeQoETQUFAEiTyk3OXk823Awr472XtIUcQP0PArNBQgREtPx9/gPApIGGml0cyuvTtRJoVB1/12pqZnZufmFxYLS8srq2vF9Y26SXPNocZTmepmxAxIkUANBUpoZhqYiiQ0orvzvt+4B21EmlxjN4NAsZtEdARnaKWwuKPalX3qA7K90KMH1DdCUR+FjIH6l/admLUrYbHklt0B6CTxRqRERqiGxS8/TnmuIEEumTEtz80w6DGNgkt4KPi5gYzxO3YDLUsTpsAEvcE1D3TXKjHtpNpWgnSg/p7oMWVMV0W2UzG8NeNeX/zPa+XYOQl6IslyhIQPP+rkkmJK+9HQWGjgKLuWMK6F3ZXyW6YZRxtgwYbgjZ88SeqVsndYrlwdlU7PRnEskC2yTfaJR47JKbkgVVIjnDySZ/JK3pwn58V5dz6GrVPOaGaT/IHz+QPjOJmS</latexit>

⌘0
<latexit sha1_base64="SArE1G79zJZXGFFstlSXTRrqhOk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mqoMeiF48VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ94jjlQUwHSkSCUbSS3+VIz3vlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKObYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ipp1qreZbX2cFWp3+ZxFOEETuECPLiGOtxDA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4Aa8yObQ==</latexit>

 confinement NF=3NF = 4
<latexit sha1_base64="p4ixQy5nEPvLf0w82flXEomOWQU="></latexit>
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Visible axion models N_F = 4

�45

❖ New physics at high 
energies can induce sizable 
instanton corrections to the 
axion mass

❖ Possible to have a combination of anomalous effects raise 
the mass of the lightest 

NF = 4
<latexit sha1_base64="p4ixQy5nEPvLf0w82flXEomOWQU="></latexit>

 

MK Gaillard, B. Gavela, RH, 
P. Quilez, R. del Rey, arXiv:1805.06465

m2(⌘02) ⇠ ⇤̃2
<latexit sha1_base64="FqQmtjs0iJmcTD0xcxDse40L1tg=">AAACDnicbVC7SgNBFJ31GeMramkzGILahN1V0DJoY2ERwSRCNgmzszfJ4MzuMnNXCCFfYOOv2FgoYmtt5984eRS+Dlw4nHPvzL0nTKUw6Lqfztz8wuLScm4lv7q2vrFZ2NqumyTTHGo8kYm+CZkBKWKooUAJN6kGpkIJjfD2fOw37kAbkcTXOEihpVgvFl3BGVqpUyiptk8PaADIOv4+PaSBEYoGKGQENLi0D0Ws7XcKRbfsTkD/Em9GimSGaqfwEUQJzxTEyCUzpum5KbaGTKPgEkb5IDOQMn7LetC0NGYKTGs4OWdES1aJaDfRtmKkE/X7xJApYwYqtJ2KYd/89sbif14zw+5payjiNEOI+fSjbiYpJnScDY2EBo5yYAnjWthdKe8zzTjaBPM2BO/3yX9J3S97R2X/6rhYOZvFkSO7ZI8cEI+ckAq5IFVSI5zck0fyTF6cB+fJeXXepq1zzmxmh/yA8/4FQAyZvQ==</latexit>

m2(⌘01) ⇠ ⇤2
SSI

<latexit sha1_base64="x/4warL5diICKNdESoIRLI14Lqk=">AAACDXicbVC7TsMwFHV4lvIqMLJYFERZqqQgwVjBAhJDUelDatrIcZzWqu1EtoNURf0BFn6FhQGEWNnZ+BvcxwAtR7rS0Tn32vceP2ZUadv+thYWl5ZXVjNr2fWNza3t3M5uXUWJxKSGIxbJpo8UYVSQmqaakWYsCeI+Iw2/fzXyGw9EKhqJez2ISZujrqAhxUgbycsd8k4JFqBLNPKcY3gCXUU5dG/NCwHy0mr1Ztgpebm8XbTHgPPEmZI8mKLi5b7cIMIJJ0JjhpRqOXas2ymSmmJGhlk3USRGuI+6pGWoQJyodjq+ZgiPjBLAMJKmhIZj9fdEirhSA+6bTo50T816I/E/r5Xo8KKdUhEnmgg8+ShMGNQRHEUDAyoJ1mxgCMKSml0h7iGJsDYBZk0IzuzJ86ReKjqnxdLdWb58OY0jA/bBASgAB5yDMrgGFVADGDyCZ/AK3qwn68V6tz4mrQvWdGYP/IH1+QOggZlq</latexit>

m2(⌘01) ⇠ ⇤̃2
<latexit sha1_base64="kNT2/TVRSfskYk/L9eNl6BtA5O0=">AAACDXicbVC7TgMxEPTxJrwClDQWAQFNdBeQoETQUFAEiTyk3OXk823Awr472XtIUcQP0PArNBQgREtPx9/gPApIGGml0cyuvTtRJoVB1/12pqZnZufmFxYLS8srq2vF9Y26SXPNocZTmepmxAxIkUANBUpoZhqYiiQ0orvzvt+4B21EmlxjN4NAsZtEdARnaKWwuKPalX3qA7K90KMH1DdCUR+FjIH6l/admLUrYbHklt0B6CTxRqRERqiGxS8/TnmuIEEumTEtz80w6DGNgkt4KPi5gYzxO3YDLUsTpsAEvcE1D3TXKjHtpNpWgnSg/p7oMWVMV0W2UzG8NeNeX/zPa+XYOQl6IslyhIQPP+rkkmJK+9HQWGjgKLuWMK6F3ZXyW6YZRxtgwYbgjZ88SeqVsndYrlwdlU7PRnEskC2yTfaJR47JKbkgVVIjnDySZ/JK3pwn58V5dz6GrVPOaGaT/IHz+QPjOJmS</latexit>

m(⌘02) ⇠ m⇡
f⇡

f̃
<latexit sha1_base64="Grc3x/UIl7eNwUPgLj0hPYFR9LQ=">AAACHHicbVA9SwNBEN3zM8avqKXNYBC1CXdR0FK0sYxgVMiFY28zp4u7d8funBCO/BAb/4qNhSI2FoL/xk1M4deDgbfvzbAzL86VtOT7H97E5NT0zGxlrjq/sLi0XFtZPbdZYQS2RaYycxlzi0qm2CZJCi9zg1zHCi/im+Ohf3GLxsosPaN+jl3Nr1KZSMHJSVFtV8M2hEg8am7BDoRWatBRmEsIE8NFCcnoMSghJKl6CAkMolrdb/gjwF8SjEmdjdGKam9hLxOFxpSE4tZ2Aj+nbskNSaFwUA0LizkXN/wKO46mXKPtlqPjBrDplB4kmXGVEozU7xMl19b2dew6Nadr+9sbiv95nYKSg24p07wgTMXXR0mhgDIYJgU9aVCQ6jvChZFuVxDX3IVCLs+qCyH4ffJfct5sBLuN5ule/fBoHEeFrbMNts0Cts8O2QlrsTYT7I49sCf27N17j96L9/rVOuGNZ9bYD3jvn+tgn3U=</latexit>

P. Agrawal, K. Howe arXiv:1710.04213, 1712.05803

J. Fuentes-Martin, M. Reig, A. Vicente, arXiv:1907.02550

⌘0
<latexit sha1_base64="SArE1G79zJZXGFFstlSXTRrqhOk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mqoMeiF48VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ94jjlQUwHSkSCUbSS3+VIz3vlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKObYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ipp1qreZbX2cFWp3+ZxFOEETuECPLiGOtxDA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4Aa8yObQ==</latexit>
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Phase transition at confinement

�46

V (⌃) = �m2
⌃ Tr

�
⌃⌃†�+ �

2

⇥
Tr

�
⌃⌃†�⇤2 + 

2

�
⌃⌃†⌃⌃†�� (µ⌃ det⌃+ h.c.)

<latexit sha1_base64="JP54XFARxn+1t84l5JqXfSglCM4="></latexit>

❖ Model the phase transition using the linear sigma model

❖ Spontaneous chiral symmetry breaking ⌃ij ⇠ h ̄Rj Lii
<latexit sha1_base64="852eNVVzBc5ioINZTqC6cRO3Gv0=">AAACJHicbVDLSgMxFM34rPVVdekmWARXZaYKCm6Kbly4qI+2QqcMd9K0pk0yQ5IRyjAf48ZfcePCBy7c+C2m7Sx8HQgczjmXm3vCmDNtXPfDmZmdm19YLCwVl1dW19ZLG5tNHSWK0AaJeKRuQtCUM0kbhhlOb2JFQYSctsLh6dhv3VGlWSSvzSimHQF9yXqMgLFSUDr2r1hfQJCyQYZ9zQT2Ocg+p9gPQeHUjzULLrNgkNPzLGDYV5NIUCq7FXcC/Jd4OSmjHPWg9Op3I5IIKg3hoHXbc2PTSUEZRjjNin6iaQxkCH3atlSCoLqTTo7M8K5VurgXKfukwRP1+0QKQuuRCG1SgLnVv72x+J/XTkzvqJMyGSeGSjJd1Es4NhEeN4a7TFFi+MgSIIrZv2JyCwqIsb0WbQne75P/kma14u1XqhcH5dpJXkcBbaMdtIc8dIhq6AzVUQMRdI8e0TN6cR6cJ+fNeZ9GZ5x8Zgv9gPP5BVLnpTs=</latexit>

,

⌃ij =
'+ i⌘0p
2NF

�ij +XaT a
ij + i⇡aT a

ij
<latexit sha1_base64="pIama9LWgCf40HWRO+f7suvYrSY="></latexit>

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
-1.0

-0.5

0.0

0.5

1.0

ϕ

V(
ϕ) T>Tc

T=Tc
T=0h'i = 0, T � 0

h'i = f⌃, T = Tc
<latexit sha1_base64="p1C52i7Uo3Pin0+SVMavJKWn/NE="></latexit>

h'i = 0, T � 0

h'i = f⌃, T = Tc
<latexit sha1_base64="p1C52i7Uo3Pin0+SVMavJKWn/NE="></latexit>

h'i = 0, T � 0

h'i = f⌃, T = Tc
<latexit sha1_base64="p1C52i7Uo3Pin0+SVMavJKWn/NE="></latexit>

h'i = 0, T � 0

h'i = f⌃, T  Tc
<latexit sha1_base64="TnDmOqlz9izIaixwgi1AeTKoB2E="></latexit>

Chiral symmetry 
restored

Chiral symmetry
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V (⌃) = �m2
⌃ Tr

�
⌃⌃†�+ �

2

⇥
Tr

�
⌃⌃†�⇤2 + 

2

�
⌃⌃†⌃⌃†�� (µ⌃ det⌃+ h.c.)

<latexit sha1_base64="JP54XFARxn+1t84l5JqXfSglCM4="></latexit>

,

V (⌃) = �m2
⌃ Tr

�
⌃⌃†�+ �

2

⇥
Tr

�
⌃⌃†�⇤2 + 

2

�
⌃⌃†⌃⌃†�� (µ⌃ det⌃+ h.c.)

<latexit sha1_base64="JP54XFARxn+1t84l5JqXfSglCM4="></latexit>

Include the explicit          
symmetry breaking from 
instanton effects

U(1)A
<latexit sha1_base64="e/dvoHc70Kr52dTdfp8plauVlxo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KrJnpEvXjExAUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9q77pUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3Xju7v6jUb/I4inAEx1AFDy6hDnfQAB8IPMIzvMKbI50X5935mLcWnHzmEP7A+fwBJkWOMQ==</latexit>

�⇠ Tr Qa⌃⌃†Qa†
<latexit sha1_base64="PRouwuViK0OWIQzZmA9BCu97F30=">AAACInicbVDLSgMxFM34tr5GXboJFsGNZUYFdVd041KxL+jUkklvp6GZB8kdaRn6LW78FTcuFHUl+DGmtQW1Hgg5Oedebu7xEyk0Os6HNTM7N7+wuLScW1ldW9+wN7cqOk4VhzKPZaxqPtMgRQRlFCihlihgoS+h6ncvhn71DpQWcVTCfgKNkAWRaAvO0EhN++zA6wmPegg9zEpqQD16fcuodyOCcHLdei0WBKBoZqzB5NW0807BGYFOE3dM8mSMq6b95rVinoYQIZdM67rrJNjImELBJQxyXqohYbzLAqgbGrEQdCMbrTige0Zp0XaszImQjtSfHRkLte6HvqkMGXb0X28o/ufVU2yfNjIRJSlCxL8HtVNJMabDvGhLKOAo+4YwroT5K+UdphhHk2rOhOD+XXmaVA4L7lHh8Po4Xzwfx7FEdsgu2ScuOSFFckmuSJlwck8eyTN5sR6sJ+vVev8unbHGPdvkF6zPL3Cjo6Q=</latexit>

Include the explicit symmetry 
breaking from QCD charges

Phase transition at confinement

�µSSI Tr
�
P�⌃P�⌃

†P�

�
<latexit sha1_base64="/jFqIRu2XA6pWf6goMu29Lkb6ME="></latexit>

❖ Symmetry breaking parameters      ,u ,           determine the 
masses of the pNGB’s[d and    

⇠
<latexit sha1_base64="Y9AsMRvmdxTQqcE8JuUntKKm/5U=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuRiyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdd594r1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14p1XqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gBdM43Z</latexit>

µ⌃
<latexit sha1_base64="jsYQZY32PxKM/V1OlKz95cSNgoY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisaD+wu5Rsmm1Dk+ySZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO09UaRbLBzNJaCDwULKIEWys9OiLtO/fs6HA/XLFrbpzoFXi5aQCOZr98pc/iEkqqDSEY617npuYIMPKMMLptOSnmiaYjPGQ9iyVWFAdZPOLp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7n9VITXQUZk0lqqCSLRVHKkYnR7H00YIoSwyeWYKKYvRWREVaYGBtSyYbgLb+8Stq1qndRrd3VK43rPI4inMApnIMHl9CAW2hCCwhIeIZXeHO08+K8Ox+L1oKTzxzDHzifP36jkMw=</latexit>

Include the new mass 
contributions from small-sized 
instantons

µSSI
<latexit sha1_base64="fZ2kJisGk8S6Hf8Oe9XQqlEfRUs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WveitUvuB7VKyabYNTbJLkhXK0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0iPqiaSfNhp3036x5JbdOdAq8TJSggz1fvGrN4hIIqg0hGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKrGg2k/nF0/RmVUGKIyULWnQXP09kWKh9UQEtlNgM9LL3kz8z+smJrzyUybjxFBJFovChCMTodn7aMAUJYZPLMFEMXsrIiOsMDE2pIINwVt+eZW0KmXvoly5r5Zq11kceTiBUzgHDy6hBrdQhyYQkPAMr/DmaOfFeXc+Fq05J5s5hj9wPn8AElSQhg==</latexit>

⇡
<latexit sha1_base64="MMfoOZUbGzRkaB76umvTEWj+CN8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBRC43R</latexit>

⌘0
<latexit sha1_base64="SArE1G79zJZXGFFstlSXTRrqhOk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mqoMeiF48VTFtoQ9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wju5nfeuLaiEQ94jjlQUwHSkSCUbSS3+VIz3vlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKObYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ipp1qreZbX2cFWp3+ZxFOEETuECPLiGOtxDA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4Aa8yObQ==</latexit>
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❖ Dynamics from tunneling to the T=. 0  vacuumT = 0
<latexit sha1_base64="n7JRzpv4tCkLhmqZbqQ6UCGHPns=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHiHlBsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rGsm3GCfkQHkoecUWOlx/qN2yuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJ3Ua48XJaqt1kceTiBUzgHD66gCvdQgwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBoOmNXQ==</latexit>

    

D. Weir, “The sound of gravitational waves from a 
[confinement] phase transition,” saoghal.net/slides/ectstar/

fGW |peak = fGW

✓
TN ,

�

H

◆

<latexit sha1_base64="sGXEW2oxyeC8H68lH0r913WyIQQ="></latexit>

⌦GW |peak = ⌦GW

✓
↵,

�

H

◆

<latexit sha1_base64="iRoyz1LrcLV8glpfIIJTAReYr/I="></latexit> Parameterizes speed of 
the phase transition

Latent heat, �L
⇢rad

<latexit sha1_base64="y7FBjGJ8onmVPbluNNt13AT5K0E=">AAACF3icbZA7SwNBEMf3fMb4ilraLAbBKtypoGVQCwuLCCYKuRDmNnPJkr0Hu3NiOPItbPwqNhaK2Grnt3HzKHz9YeHPb2bYmX+QKmnIdT+dmdm5+YXFwlJxeWV1bb20sdkwSaYF1kWiEn0TgEElY6yTJIU3qUaIAoXXQf90VL++RW1kEl/RIMVWBN1YhlIAWdQuVfxQg8i5f4aKgPsRUE+Ayi+GfGip7iVtn/COcg0di9qlsltxx+J/jTc1ZTZVrV368DuJyCKMSSgwpum5KbVy0CSFwmHRzwymIPrQxaa1MURoWvn4riHftaTDw0TbFxMf0+8TOUTGDKLAdo72Nr9rI/hfrZlReNzKZZxmhLGYfBRmilPCRyHxjtQoSA2sAaGl3ZWLHtigyEZZtCF4v0/+axr7Fe+gsn95WK6eTOMosG22w/aYx45YlZ2zGqszwe7ZI3tmL86D8+S8Om+T1hlnOrPFfsh5/wJnJ6AX</latexit>

↵ =
<latexit sha1_base64="1CpM48roL/Vr7Eo/C5NN3GL+8Zc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh6MVjBfsBbSiT7aZdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH47uZ335iSvNYPppJwvwIh5KHnKKxUruHIhnhTb9ccavuHGSVeDmpQI5Gv/zVG8Q0jZg0VKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEiOm/Wx+7pScWWVAwljZkobM1d8TGUZaT6LAdkZoRnrZm4n/ed3UhNd+xmWSGibpYlGYCmJiMvudDLhi1IiJJUgVt7cSOkKF1NiESjYEb/nlVdKqVb2Lau3hslK/zeMowgmcwjl4cAV1uIcGNIHCGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx8Qoo9j</latexit>

�

H
=

<latexit sha1_base64="V81t+3k4+MTleycbA23eZk8xcmM=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EUIeskxgnlAdgmzk95kyOzDmdlAWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dfiK40rb9ba2tb2xubRd2irt7+weHpaPjlopTybDJYhHLjk8VCh5hU3MtsJNIpKEvsO2P7md+e4xS8Th61JMEvZAOIh5wRrWRPDeQlLk+akrqt71S2a7Yc5BV4uSkDDkavdKX249ZGmKkmaBKdR070V5GpeZM4LTopgoTykZ0gF1DIxqi8rL50VNybpQ+CWJpKtJkrv6eyGio1CT0TWdI9VAtezPxP6+b6uDGy3iUpBojtlgUpILomMwSIH0ukWkxMYQyyc2thA2pyUGbnIomBGf55VXSqlacy0r14apcu8vjKMApnMEFOHANNahDA5rA4Ame4RXerLH1Yr1bH4vWNSufOYE/sD5/AP0SkZU=</latexit>

TN =
<latexit sha1_base64="bV21cQqBDLSchm0AgK/gNB/XM0Q=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQS9C0YsnqdBtC+1Ssmm2Dc1mlyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsSwbVxnG9UWFvf2Nwqbpd2dvf2D8qHRy0dp4oyj8YiVp2AaCa4ZJ7hRrBOohiJAsHawfhu5refmNI8lk0zSZgfkaHkIafEWMlr9h/wTb9ccarOHHiVuDmpQI5Gv/zVG8Q0jZg0VBCtu66TGD8jynAq2LTUSzVLCB2TIetaKknEtJ/Nj53iM6sMcBgrW9Lgufp7IiOR1pMosJ0RMSO97M3E/7xuasJrP+MySQ2TdLEoTAU2MZ59jgdcMWrExBJCFbe3YjoiilBj8ynZENzll1dJq1Z1L6q1x8tK/TaPowgncArn4MIV1OEeGuABBQ7P8ApvSKIX9I4+Fq0FlM8cwx+gzx/bAo4O</latexit>

Nucleation temperature

http://saoghal.net/slides/ectstar/
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Gravitational wave signal N_F = 3
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NF = 3
<latexit sha1_base64="jljO+oO+Xoh1ftV+d1cZhwWwEnw="></latexit>

Thermal parameters GW signal ⇤̃ ⇠ 3 TeV
<latexit sha1_base64="tEafbGIZw8/TSVsBfUMTR8ZDuVc=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhd1E0DJoY2ERIS/IhjA7e5MMmX0wc1cMS2obf8XGQhFbv8DOv3HyKDTxwMDhnHu4c48XS6HRtr+tzMrq2vpGdjO3tb2zu5ffP2joKFEc6jySkWp5TIMUIdRRoIRWrIAFnoSmN7ye+M17UFpEYQ1HMXQC1g9FT3CGRurmj10U0gfq3pqMz6irRUDL1EV4wJTWoDHu5gt20Z6CLhNnTgpkjmo3/+X6EU8CCJFLpnXbsWPspEyh4BLGOTfREDM+ZH1oGxqyAHQnnZ4ypqdG8WkvUuaFSKfq70TKAq1HgWcmA4YDvehNxP+8doK9y04qwjhBCPlsUS+RFCM66YX6QgFHOTKEcSXMXykfMMU4mvZypgRn8eRl0igVnXKxdHdeqFzN68iSI3JCzohDLkiF3JAqqRNOHskzeSVv1pP1Yr1bH7PRjDXPHJI/sD5/ALd+maQ=</latexit>

D. Croon, RH, V. Sanz, arXiv:1904.10967 
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Gravitational wave signal N_F = 3NF = 4
<latexit sha1_base64="p4ixQy5nEPvLf0w82flXEomOWQU="></latexit>

Thermal parameters GW signal ⇤̃ ⇠ 3 TeV
<latexit sha1_base64="tEafbGIZw8/TSVsBfUMTR8ZDuVc=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhd1E0DJoY2ERIS/IhjA7e5MMmX0wc1cMS2obf8XGQhFbv8DOv3HyKDTxwMDhnHu4c48XS6HRtr+tzMrq2vpGdjO3tb2zu5ffP2joKFEc6jySkWp5TIMUIdRRoIRWrIAFnoSmN7ye+M17UFpEYQ1HMXQC1g9FT3CGRurmj10U0gfq3pqMz6irRUDL1EV4wJTWoDHu5gt20Z6CLhNnTgpkjmo3/+X6EU8CCJFLpnXbsWPspEyh4BLGOTfREDM+ZH1oGxqyAHQnnZ4ypqdG8WkvUuaFSKfq70TKAq1HgWcmA4YDvehNxP+8doK9y04qwjhBCPlsUS+RFCM66YX6QgFHOTKEcSXMXykfMMU4mvZypgRn8eRl0igVnXKxdHdeqFzN68iSI3JCzohDLkiF3JAqqRNOHskzeSVv1pP1Yr1bH7PRjDXPHJI/sD5/ALd+maQ=</latexit>

D. Croon, RH, V. Sanz, arXiv:1904.10967 
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Summary: Gravitational Wave Signal
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❖ Prospects for gravitational wave signals for dynamical axion 
models with ⇤̃ ⇠ 3 TeV

<latexit sha1_base64="tEafbGIZw8/TSVsBfUMTR8ZDuVc=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhd1E0DJoY2ERIS/IhjA7e5MMmX0wc1cMS2obf8XGQhFbv8DOv3HyKDTxwMDhnHu4c48XS6HRtr+tzMrq2vpGdjO3tb2zu5ffP2joKFEc6jySkWp5TIMUIdRRoIRWrIAFnoSmN7ye+M17UFpEYQ1HMXQC1g9FT3CGRurmj10U0gfq3pqMz6irRUDL1EV4wJTWoDHu5gt20Z6CLhNnTgpkjmo3/+X6EU8CCJFLpnXbsWPspEyh4BLGOTfREDM+ZH1oGxqyAHQnnZ4ypqdG8WkvUuaFSKfq70TKAq1HgWcmA4YDvehNxP+8doK9y04qwjhBCPlsUS+RFCM66YX6QgFHOTKEcSXMXykfMMU4mvZypgRn8eRl0igVnXKxdHdeqFzN68iSI3JCzohDLkiF3JAqqRNOHskzeSVv1pP1Yr1bH7PRjDXPHJI/sD5/ALd+maQ=</latexit>

❖ The gravitational wave signature is sensitive to the explicit U1A 
breaking parameter mu in the linear sigma model

U(1)A
<latexit sha1_base64="e/dvoHc70Kr52dTdfp8plauVlxo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KrJnpEvXjExAUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9q77pUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3Xju7v6jUb/I4inAEx1AFDy6hDnfQAB8IPMIzvMKbI50X5935mLcWnHzmEP7A+fwBJkWOMQ==</latexit>

µ⌃
<latexit sha1_base64="jsYQZY32PxKM/V1OlKz95cSNgoY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisaD+wu5Rsmm1Dk+ySZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO09UaRbLBzNJaCDwULKIEWys9OiLtO/fs6HA/XLFrbpzoFXi5aQCOZr98pc/iEkqqDSEY617npuYIMPKMMLptOSnmiaYjPGQ9iyVWFAdZPOLp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7n9VITXQUZk0lqqCSLRVHKkYnR7H00YIoSwyeWYKKYvRWREVaYGBtSyYbgLb+8Stq1qndRrd3VK43rPI4inMApnIMHl9CAW2hCCwhIeIZXeHO08+K8Ox+L1oKTzxzDHzifP36jkMw=</latexit>

❖ GW signal favors models where 
high energy effects of extra color 
groups provide another source of 
axion mass
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❖ Extra color groups provide a window to richer phenomenology

❖ Massless quarks still viable

❖ High energy effects of extra color groups can provide 
another source of axion mass

m2
af

2
a ⇡ m2

⇡f
2
⇡

<latexit sha1_base64="gt3wamdqH9YMH+ysyWXsDRleWHc=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVVJhQRjBQtjkehFatrIcZ3Wqp1YtoOooj4BC6/CwgBCrMxsvA1OmgFajmTr0/+fI/v8gWBUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEiMWnjmMWyFyBFGI1IW1PNSE9IgnjASDeYXmd+955IRePoTs8EGXA0jmhIMdJG8u0a99GwAcP89pAQMn6A3PcEHUKY6Rk1fLvq1J284Cq4BVRBUS3f/vJGMU44iTRmSKm+6wg9SJHUFDMyr3iJIgLhKRqTvsEIcaIGab7OHNaMMoJhLM2JNMzV3xMp4krNeGA6OdITtexl4n9eP9Hh5SClkUg0ifDioTBhUMcwywaOqCRYs5kBhCU1f4V4giTC2iRYMSG4yyuvQqdRd526e3tebV4VcZTBCTgFZ8AFF6AJbkALtAEGj+AZvII368l6sd6tj0VrySpmjsGfsj5/AFgHmmE=</latexit><latexit sha1_base64="gt3wamdqH9YMH+ysyWXsDRleWHc=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVVJhQRjBQtjkehFatrIcZ3Wqp1YtoOooj4BC6/CwgBCrMxsvA1OmgFajmTr0/+fI/v8gWBUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEiMWnjmMWyFyBFGI1IW1PNSE9IgnjASDeYXmd+955IRePoTs8EGXA0jmhIMdJG8u0a99GwAcP89pAQMn6A3PcEHUKY6Rk1fLvq1J284Cq4BVRBUS3f/vJGMU44iTRmSKm+6wg9SJHUFDMyr3iJIgLhKRqTvsEIcaIGab7OHNaMMoJhLM2JNMzV3xMp4krNeGA6OdITtexl4n9eP9Hh5SClkUg0ifDioTBhUMcwywaOqCRYs5kBhCU1f4V4giTC2iRYMSG4yyuvQqdRd526e3tebV4VcZTBCTgFZ8AFF6AJbkALtAEGj+AZvII368l6sd6tj0VrySpmjsGfsj5/AFgHmmE=</latexit><latexit sha1_base64="gt3wamdqH9YMH+ysyWXsDRleWHc=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVVJhQRjBQtjkehFatrIcZ3Wqp1YtoOooj4BC6/CwgBCrMxsvA1OmgFajmTr0/+fI/v8gWBUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEiMWnjmMWyFyBFGI1IW1PNSE9IgnjASDeYXmd+955IRePoTs8EGXA0jmhIMdJG8u0a99GwAcP89pAQMn6A3PcEHUKY6Rk1fLvq1J284Cq4BVRBUS3f/vJGMU44iTRmSKm+6wg9SJHUFDMyr3iJIgLhKRqTvsEIcaIGab7OHNaMMoJhLM2JNMzV3xMp4krNeGA6OdITtexl4n9eP9Hh5SClkUg0ifDioTBhUMcwywaOqCRYs5kBhCU1f4V4giTC2iRYMSG4yyuvQqdRd526e3tebV4VcZTBCTgFZ8AFF6AJbkALtAEGj+AZvII368l6sd6tj0VrySpmjsGfsj5/AFgHmmE=</latexit><latexit sha1_base64="gt3wamdqH9YMH+ysyWXsDRleWHc=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVVJhQRjBQtjkehFatrIcZ3Wqp1YtoOooj4BC6/CwgBCrMxsvA1OmgFajmTr0/+fI/v8gWBUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEiMWnjmMWyFyBFGI1IW1PNSE9IgnjASDeYXmd+955IRePoTs8EGXA0jmhIMdJG8u0a99GwAcP89pAQMn6A3PcEHUKY6Rk1fLvq1J284Cq4BVRBUS3f/vJGMU44iTRmSKm+6wg9SJHUFDMyr3iJIgLhKRqTvsEIcaIGab7OHNaMMoJhLM2JNMzV3xMp4krNeGA6OdITtexl4n9eP9Hh5SClkUg0ifDioTBhUMcwywaOqCRYs5kBhCU1f4V4giTC2iRYMSG4yyuvQqdRd526e3tebV4VcZTBCTgFZ8AFF6AJbkALtAEGj+AZvII368l6sd6tj0VrySpmjsGfsj5/AFgHmmE=</latexit> !
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

+ ⇠ ⇤4
new

<latexit sha1_base64="OKFceo0aX5hrrUVk+cEIisPQPjA=">AAACA3icbVC7SgNBFJ31GeMraqfNYBAEIeyKoKVoY2ERwTwguy6zkxsdnJ1dZu6qYQnY+Cs2ForY+hN2/o2TR6GJBwYO59zDnXuiVAqDrvvtTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmehmxAxIoaCGAiU0Uw0sjiQ0otvTvt+4A21Eoi6xm0IQs2slOoIztFJY2tyjvhGxf24jbRb6CA+YK7jvXR2EpbJbcQegk8QbkTIZoRqWvvx2wrMYFHLJjGl5bopBzjQKLqFX9DMDKeO37BpalioWgwnywQ09umOVNu0k2j6FdKD+TuQsNqYbR3YyZnhjxr2++J/XyrBzFORCpRmC4sNFnUxSTGi/ENoWGjjKriWMa2H/SvkN04yjra1oS/DGT54k9f2K51a8i4Py8cmojgLZIttkl3jkkByTM1IlNcLJI3kmr+TNeXJenHfnYzg65YwyG+QPnM8ftOyXkA==</latexit><latexit sha1_base64="OKFceo0aX5hrrUVk+cEIisPQPjA=">AAACA3icbVC7SgNBFJ31GeMraqfNYBAEIeyKoKVoY2ERwTwguy6zkxsdnJ1dZu6qYQnY+Cs2ForY+hN2/o2TR6GJBwYO59zDnXuiVAqDrvvtTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmehmxAxIoaCGAiU0Uw0sjiQ0otvTvt+4A21Eoi6xm0IQs2slOoIztFJY2tyjvhGxf24jbRb6CA+YK7jvXR2EpbJbcQegk8QbkTIZoRqWvvx2wrMYFHLJjGl5bopBzjQKLqFX9DMDKeO37BpalioWgwnywQ09umOVNu0k2j6FdKD+TuQsNqYbR3YyZnhjxr2++J/XyrBzFORCpRmC4sNFnUxSTGi/ENoWGjjKriWMa2H/SvkN04yjra1oS/DGT54k9f2K51a8i4Py8cmojgLZIttkl3jkkByTM1IlNcLJI3kmr+TNeXJenHfnYzg65YwyG+QPnM8ftOyXkA==</latexit><latexit sha1_base64="OKFceo0aX5hrrUVk+cEIisPQPjA=">AAACA3icbVC7SgNBFJ31GeMraqfNYBAEIeyKoKVoY2ERwTwguy6zkxsdnJ1dZu6qYQnY+Cs2ForY+hN2/o2TR6GJBwYO59zDnXuiVAqDrvvtTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmehmxAxIoaCGAiU0Uw0sjiQ0otvTvt+4A21Eoi6xm0IQs2slOoIztFJY2tyjvhGxf24jbRb6CA+YK7jvXR2EpbJbcQegk8QbkTIZoRqWvvx2wrMYFHLJjGl5bopBzjQKLqFX9DMDKeO37BpalioWgwnywQ09umOVNu0k2j6FdKD+TuQsNqYbR3YyZnhjxr2++J/XyrBzFORCpRmC4sNFnUxSTGi/ENoWGjjKriWMa2H/SvkN04yjra1oS/DGT54k9f2K51a8i4Py8cmojgLZIttkl3jkkByTM1IlNcLJI3kmr+TNeXJenHfnYzg65YwyG+QPnM8ftOyXkA==</latexit><latexit sha1_base64="OKFceo0aX5hrrUVk+cEIisPQPjA=">AAACA3icbVC7SgNBFJ31GeMraqfNYBAEIeyKoKVoY2ERwTwguy6zkxsdnJ1dZu6qYQnY+Cs2ForY+hN2/o2TR6GJBwYO59zDnXuiVAqDrvvtTE3PzM7NFxaKi0vLK6ultfW6STLNocYTmehmxAxIoaCGAiU0Uw0sjiQ0otvTvt+4A21Eoi6xm0IQs2slOoIztFJY2tyjvhGxf24jbRb6CA+YK7jvXR2EpbJbcQegk8QbkTIZoRqWvvx2wrMYFHLJjGl5bopBzjQKLqFX9DMDKeO37BpalioWgwnywQ09umOVNu0k2j6FdKD+TuQsNqYbR3YyZnhjxr2++J/XyrBzFORCpRmC4sNFnUxSTGi/ENoWGjjKriWMa2H/SvkN04yjra1oS/DGT54k9f2K51a8i4Py8cmojgLZIttkl3jkkByTM1IlNcLJI3kmr+TNeXJenHfnYzg65YwyG+QPnM8ftOyXkA==</latexit>

❖ Visible axions

 

❖ Symmetries are usually needed to reduce the number the 
CP violating phases



Thank you!
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❖ When T>>T C and g f f f d is perturbative, the dilute instanton 
gas approximation holds

Temperature dependence of muS

�55

❖ Explicit U( 1)A breaking comes from instantons

❖ The size of the m  a  a u term is important for the GW signalV (⌃) = �m2
⌃ Tr

�
⌃⌃†�+ �

2

⇥
Tr

�
⌃⌃†�⇤2 + 

2

�
⌃⌃†⌃⌃†�� (µ⌃ det⌃+ h.c.)

<latexit sha1_base64="JP54XFARxn+1t84l5JqXfSglCM4="></latexit>

m⌘0 ⇠ µ⌃
<latexit sha1_base64="RPjTfBxg02wu7nPWiAjFYR/YL8s=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPZWkCnosevFY0X5AE8Jku22X7iZhdyOUULz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLww4Uxpx/m2CkvLK6trxfXSxubW9o69u9dUcSoJbZCYx7IdgqKcRbShmea0nUgKIuS0FQ6vJ37rgUrF4uhejxLqC+hHrMcIaCMF9oEIMo9qOBljTzGBPZEG3h3rCwjsslNxpsCLxM1JGeWoB/aX141JKmikCQelOq6TaD8DqRnhdFzyUkUTIEPo046hEQiq/Gz6whgfG6WLe7E0FWk8VX9PZCCUGonQdArQAzXvTcT/vE6qe5d+xqIk1TQis0W9lGMd40keuMskJZqPDAEimbkVkwFIINqkVjIhuPMvL5JmteKeVaq35+XaVR5HER2iI3SKXHSBaugG1VEDEfSIntErerOerBfr3fqYtRasfGYf/YH1+QOwOZb5</latexit>

U(1)A
<latexit sha1_base64="e/dvoHc70Kr52dTdfp8plauVlxo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KrJnpEvXjExAUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3U791hNVmknxYMYJDWI8ECxiBBsrNf2qd9q77pUrbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3Xju7v6jUb/I4inAEx1AFDy6hDnfQAB8IPMIzvMKbI50X5935mLcWnHzmEP7A+fwBJkWOMQ==</latexit>

µ⌃
<latexit sha1_base64="Z/0jbbpgM/3mwfXZiKu+fQC+A3o="></latexit>

gQCD
<latexit sha1_base64="9PkaUIcUl42DCNP8NReYyKbuUWY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY/BePCYgHlAsoTZSScZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1ManO//YRK80g+mmmMfkhHkg85o8ZK7VE/bdTuZ/1iyS27C5B14mWkBBnq/eJXbxCxJERpmKBadz03Nn5KleFM4KzQSzTGlE3oCLuWShqi9tPFuTNyYZUBGUbKljRkof6eSGmo9TQMbGdIzVivenPxP6+bmOGtn3IZJwYlWy4aJoKYiMx/JwOukBkxtYQyxe2thI2poszYhAo2BG/15XXSqpS9q3KlcV2q3mVx5OEMzuESPLiBKjxAHZrAYALP8ApvTuy8OO/Ox7I152Qzp/AHzucPAq6PWg==</latexit>

T � Tc
<latexit sha1_base64="ab4LwR+8LlgfzZ1ve9qZ+Dwsdug=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKjy00iCLUGpJhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOrWqd1WtPdQrjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/rUiPrA==</latexit>

m⌘0 ⇠ ⇤2
SSI

f̃
⇠ f̃6

Z
d⇢ ⇢4d(⇢, T )

<latexit sha1_base64="+mh61WCGqHd+2g2WwgEUN14zFMk="></latexit>

❖ For example, when the axion mass is 
lifted by small size instanton effects:  

Gross, Pisarski, Yaffe, (1981)

G. ’t Hooft (1976)

M. A. Shifman, A. I. Vainshtein, V. I. Zakharov (1980)
Callan, Dashen, Gross, (1978)



Rachel Houtz June, 2019�56

❖ Does \m\ contribute significantly during the phase transition?µ⌃
<latexit sha1_base64="jsYQZY32PxKM/V1OlKz95cSNgoY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisaD+wu5Rsmm1Dk+ySZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDPzO09UaRbLBzNJaCDwULKIEWys9OiLtO/fs6HA/XLFrbpzoFXi5aQCOZr98pc/iEkqqDSEY617npuYIMPKMMLptOSnmiaYjPGQ9iyVWFAdZPOLp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7n9VITXQUZk0lqqCSLRVHKkYnR7H00YIoSwyeWYKKYvRWREVaYGBtSyYbgLb+8Stq1qndRrd3VK43rPI4inMApnIMHl9CAW2hCCwhIeIZXeHO08+K8Ox+L1oKTzxzDHzifP36jkMw=</latexit>

m⌘0 ⇠ ⇤2
SSI

f̃
⇠ f̃6

Z
d⇢ ⇢4d(⇢, T )

<latexit sha1_base64="+mh61WCGqHd+2g2WwgEUN14zFMk="></latexit>

❖ A related parameter is the topological susceptibility

m⌘0 ⇠ ⇤2
SSI

f̃
⇠ f̃6

Z
d⇢ ⇢4d(⇢, T )

<latexit sha1_base64="+mh61WCGqHd+2g2WwgEUN14zFMk="></latexit>

�(T ) =

Z
d⇢

⇢5
d(⇢, T )

<latexit sha1_base64="6Kip5UwvXNnPqmfHTPSOmZYLz4o="></latexit>

�(T ) ⇠ T�8
<latexit sha1_base64="dBqcYUjCt2Js9ORg0WTfi/lHeyI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqwpJUwS6LblxW6AuaWCbTSTt0ZhJmJkII9VfcuFDErR/izr9x2mahrQcuHM65l3vvCWJGlXacb2ttfWNza7uwU9zd2z84tI+OOypKJCZtHLFI9gKkCKOCtDXVjPRiSRAPGOkGk9uZ330kUtFItHQaE5+jkaAhxUgbaWCXPDymldY59BTlsPWQXdSnA7vsVJ054Cpxc1IGOZoD+8sbRjjhRGjMkFJ914m1nyGpKWZkWvQSRWKEJ2hE+oYKxInys/nxU3hmlCEMI2lKaDhXf09kiCuV8sB0cqTHatmbif95/USHdT+jIk40EXixKEwY1BGcJQGHVBKsWWoIwpKaWyEeI4mwNnkVTQju8surpFOrupfV2v1VuXGTx1EAJ+AUVIALrkED3IEmaAMMUvAMXsGb9WS9WO/Wx6J1zcpnSuAPrM8f0SGTlg==</latexit>

❖ Studied by the lattice community

❖ DGA breaks down near 
confinement

J. Frison, R. Kitano, H. Matsufuru, S. 
Mori, N. Yamada, arXiv:1606.07175
M. Dine, P. Draper, L. Stephenson-
Haskins, D. Xu, arXiv:1705.00676

Temperature dependence of muSµ⌃
<latexit sha1_base64="Z/0jbbpgM/3mwfXZiKu+fQC+A3o="></latexit>

D. Croon, R. Houtz, 
V. Sanz, arXiv:1904.10967 
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Future gravitational wave detectors

�57

NASA illustration of 
LISA (from Wikipedia)

Yagi, 1302.2388

❖ Laser interferometers LISA,    
B-DECIGO, DECIGO and BBO 

❖ Atom interfermeters 
AION and MAGIS

Graham, Hogan, Kasevich, 
Rajendran, arXiv:1606.01860

Buchmueller, “A UK AION for the exploration of ultra-light 
dark matter and mid-frequency gravitational waves” (2018)



Is a heavy axion consistent?
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❖    can be interpreted as a constant electric field. 
The axion solution ~ screening the field.

So… did we cheat?

�59

❖ You can’t impose a symmetry on a boundary 
condition.

❖ You can solve the strong CP problem at high energies
A. Nelson (1984)
S.M. Barr (1984)

M.K. Gaillard, 
J. Ellis (1979)

❖ It’s weird to have an axion bigger than the QCD confinement 
scale…

Mary K Gaillard

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

Dvali, hep-th/0507215

❖ Nelson-Barr Mechanism
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So… did we cheat?

�60

Two model-building ingredients give a heavy axion:

Symmetry that relates       . Extra mass contributions✓’s
<latexit sha1_base64="eycIlg7KhmnrP/YqQmLjEkQf2fc=">AAAB+HicbVBNS8NAEN34WetHox69BIvoqSRV0GPRi8cK9gOaUDbbabt0swm7E7GG/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTATX6Lrf1srq2vrGZmGruL2zu1ey9w+aOk4VgwaLRazaIdUguIQGchTQThTQKBTQCkc3U7/1AErzWN7jOIEgogPJ+5xRNFLXLvk4BKQ+wiNmp3rStctuxZ3BWSZeTsokR71rf/m9mKURSGSCat3x3ASDjCrkTMCk6KcaEspGdAAdQyWNQAfZ7PCJc2KUntOPlSmJzkz9PZHRSOtxFJrOiOJQL3pT8T+vk2L/Ksi4TFIEyeaL+qlwMHamKTg9roChGBtCmeLmVocNqaIMTVZFE4K3+PIyaVYr3nmlendRrl3ncRTIETkmZ8Qjl6RGbkmdNAgjKXkmr+TNerJerHfrY966YuUzh+QPrM8fKiqTag==</latexit>
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Boundary condition vs. symmetry

❖ Example: Baryon Asymmetry 

In unification, the two     angles came from the same origin.

Is    a boundary condition and not a coupling?✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

 

❖ This question applies to the       mirror world picture.

 

↵6

8⇡
✓6G6G̃6 ! ↵c

8⇡
✓6GQCDG̃QCD +

↵diag

8⇡
✓6GdiagG̃diag

<latexit sha1_base64="m6L8qdKp2wn+C4mRKphl5Z8FOA4="></latexit>

✓
?
= ✓0

<latexit sha1_base64="H0ax5fsTlE1AqP2FPy9kJdCvR14=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB6CrtR0IsY9OIxgnlANoTZSW8yZPbBTK8Qlty8+CtePCji1V/w5t84SfagiQUNRVU33V1eLIVG2/62FhaXlldWc2v59Y3Nre3Czm5dR4niUOORjFTTYxqkCKGGAiU0YwUs8CQ0vMHN2G88gNIiCu9xGEM7YL1Q+IIzNFKncOBiH5BRVyPjAwUyvRqllyM6lY87haJdsieg88TJSJFkqHYKX2434kkAIXLJtG45doztlCkUXMIo7yYaYrOJ9aBlaMgC0O108seIHhmlS/1ImQqRTtTfEykLtB4GnukMGPb1rDcW//NaCfoX7VSEcYIQ8ukiP5EUIzoOhXaFAo5yaAjjSphbKe8zxTia6PImBGf25XlSL5ec01L57qxYuc7iyJF9ckhOiEPOSYXckiqpEU4eyTN5JW/Wk/VivVsf09YFK5vZI39gff4A1jiZRw==</latexit>

Z2
<latexit sha1_base64="BL1HuyYbONUQR+LdKm15KBak+Ig=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QPgv42H</latexit>

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>
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Screening in the dual picture

�62

GG̃ = @µK
µ

<latexit sha1_base64="HlTlVERKK0qFQRXg8FRlEm300XY=">AAACCHicbVBNS8MwGE7n15xfVY8eDA7B02inoBdh6GGClwluE9Za0jTdwpK2JKkwyo5e/CtePCji1Z/gzX9juvWgmw8kPDzP+77J+/gJo1JZ1rdRWlhcWl4pr1bW1jc2t8ztnY6MU4FJG8csFnc+koTRiLQVVYzcJYIg7jPS9YeXud99IELSOLpVo4S4HPUjGlKMlJY8c7/pKMoCApvwHDoJEooi5jk8hdf3+e2ZVatmTQDniV2QKijQ8swvJ4hxykmkMENS9mwrUW6WD8aMjCtOKkmC8BD1SU/TCHEi3WyyyBgeaiWAYSz0iRScqL87MsSlHHFfV3KkBnLWy8X/vF6qwjM3o1GSKhLh6UNhyqCKYZ4KDKggWLGRJggLqv8K8QAJhJXOrqJDsGdXniedes0+rtVvTqqNiyKOMtgDB+AI2OAUNMAVaIE2wOARPINX8GY8GS/Gu/ExLS0ZRc8u+APj8wfE0piL</latexit>

❖ This term is a total derivative

❖ You can write this current in terms of a composite three form

Kµ = ✏µ↵��C↵��
<latexit sha1_base64="QRtabnH6ucpghBHwVYREZfZ0xUI=">AAACKHicbZDNSgMxFIUz/tb6V3XpJlgEV2VGBd2IxW4ENwq2Cp1a7qS3bTDJDElGKEMfx42v4kZEEbc+iWk7C60eCJx8916Se6JEcGN9/9ObmZ2bX1gsLBWXV1bX1ksbmw0Tp5phncUi1rcRGBRcYd1yK/A20QgyEngT3ddG9ZsH1IbH6toOEmxJ6Cne5QysQ+3S6cVdKFN6QkNMDBexusvcPQSR9CGM0ELYAylhSGvtbELpGNOct0tlv+KPRf+aIDdlkuuyXXoNOzFLJSrLBBjTDPzEtjLQljOBw2KYGkyA3UMPm84qkGha2XjRId11pEO7sXZHWTqmPycykMYMZOQ6Jdi+ma6N4H+1Zmq7x62MqyS1qNjkoW4qqI3pKDXa4RqZFQNngGnu/kpZHzQw67ItuhCC6ZX/msZ+JTio7F8dlqtneRwFsk12yB4JyBGpknNySeqEkUfyTN7Iu/fkvXgf3uekdcbLZ7bIL3lf33/Qpt8=</latexit>

❖ Then this      is just the field strength of the three form field 

@µC↵�� ⌘ Fµ↵��
<latexit sha1_base64="MgytKBajKNVjIHX/Ec6/y/rft1s=">AAACLXicbVDLSgNBEJz1bXxFPXoZDIKnsKuCHkVFPCqYB2TD0jvpJIMzu+s8hLDkh7z4KyJ4UMSrv+Ek2YNGG2Yoqqrp7oozwbXx/TdvZnZufmFxabm0srq2vlHe3Krr1CqGNZaKVDVj0Ch4gjXDjcBmphBkLLAR352P9MYDKs3T5NYMMmxL6CW8yxkYR0XlizADZTiIKJSWnkd5CCLrAw1jNO7vgZQwpCHeW/5AL50s7cQxNhR6VK74VX9c9C8IClAhRV1H5ZewkzIrMTFMgNatwM9MOx9twgQOS6HVmAG7gx62HExAom7n42uHdM8xHdpNlXuJoWP2Z0cOUuuBjJ1TgunraW1E/qe1rOmetHOeZNZgwiaDulZQk9JRdLTDFTIjBg4AU9ztSlkfFDDjAi65EILpk/+C+kE1OKwe3BxVTs+KOJbIDtkl+yQgx+SUXJFrUiOMPJJn8kbevSfv1fvwPifWGa/o2Sa/yvv6BhtlqUo=</latexit>

✏µ↵��Fµ↵�� = F
<latexit sha1_base64="h9OMXgUjabE83hz483ko1b/d510=">AAACJXicdVDLSgNBEJz1bXxFPXoZDIKnsKuCHhSCgniMYB6QjaF30kkGZ2aXmVkhLPkZL/6KFw+KCJ78FSePg0YtaCiquunuihLBjfX9D29mdm5+YXFpObeyura+kd/cqpo41QwrLBaxrkdgUHCFFcutwHqiEWQksBbdXQz92j1qw2N1Y/sJNiV0Fe9wBtZJrfxpiInhIla3WSjTEETSgzBCC2EXpIQBvWz9Y5w5K1/wi/4I9DcJJqRAJii38q9hO2apRGWZAGMagZ/YZgbaciZwkAtTgwmwO+hiw1EFEk0zG305oHtOadNOrF0pS0fq94kMpDF9GblOCbZnpr2h+JfXSG3npJlxlaQWFRsv6qSC2pgOI6NtrpFZ0XcEmObuVsp6oIFZF2zOhRBMv/ybVA+KwWHx4PqoUDqfxLFEdsgu2ScBOSYlckXKpEIYeSBP5IW8eo/es/fmvY9bZ7zJzDb5Ae/zCwZ3piE=</latexit>

✏µ↵��Fµ↵�� = F
<latexit sha1_base64="h9OMXgUjabE83hz483ko1b/d510=">AAACJXicdVDLSgNBEJz1bXxFPXoZDIKnsKuCHhSCgniMYB6QjaF30kkGZ2aXmVkhLPkZL/6KFw+KCJ78FSePg0YtaCiquunuihLBjfX9D29mdm5+YXFpObeyura+kd/cqpo41QwrLBaxrkdgUHCFFcutwHqiEWQksBbdXQz92j1qw2N1Y/sJNiV0Fe9wBtZJrfxpiInhIla3WSjTEETSgzBCC2EXpIQBvWz9Y5w5K1/wi/4I9DcJJqRAJii38q9hO2apRGWZAGMagZ/YZgbaciZwkAtTgwmwO+hiw1EFEk0zG305oHtOadNOrF0pS0fq94kMpDF9GblOCbZnpr2h+JfXSG3npJlxlaQWFRsv6qSC2pgOI6NtrpFZ0XcEmObuVsp6oIFZF2zOhRBMv/ybVA+KwWHx4PqoUDqfxLFEdsgu2ScBOSYlckXKpEIYeSBP5IW8eo/es/fmvY9bZ7zJzDb5Ae/zCwZ3piE=</latexit>

L 3 ↵

8⇡
✓GG̃

<latexit sha1_base64="D/4b22fpx6KfRpGuapI/ZWT3lAQ=">AAACInicbVDLSgNBEJz1bXxFPXoZDIKnsKuC8SZ6iAcPEYwK2RB6J71mcHZ2mekVwpJv8eKvePGgqCfBj3ESc/BVMFBUddNTFWVKWvL9d29icmp6ZnZuvrSwuLS8Ul5du7BpbgQ2RapScxWBRSU1NkmSwqvMICSRwsvo5njoX96isTLV59TPsJ3AtZaxFEBO6pQPwgSoJ0AVpwMeasnD2IAoeAgq6wEfFLwWZpI7j3pIwOuOSNVFXu+UK37VH4H/JcGYVNgYjU75NeymIk9Qk1BgbSvwM2oXYEgKhYNSmFvMQNzANbYc1ZCgbRejiAO+5ZQuj1PjniY+Ur9vFJBY208iNzkMZH97Q/E/r5VTXGsXUmc5oRZfh+JccUr5sC/elQYFqb4jIIx0f+WiB64jcq2WXAnB78h/ycVONdit7pztVQ6PxnXMsQ22ybZZwPbZITthDdZkgt2xB/bEnr1779F78d6+Rie88c46+wHv4xOAKKL7</latexit>

G. Dvali, hep-th/0507215

Kµ =
↵

8⇡
✏µ↵��Tr

✓
A[↵A�A�] �

2

3
A[↵@�A�]

◆

<latexit sha1_base64="RC3Yv7AcAZA82e53YWiUaC5suzM="></latexit>

L 3 ✓F
<latexit sha1_base64="SAAQo62AVux2VzkYuyughfE8n1c=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSVEGPRUE8eKhgW6EJZbPdtks3m7A7EUrIxb/ixYMiXv0Z3vw3btoctPXBwOO9GWbmBbHgGhzn2yotLa+srpXXKxubW9s79u5eW0eJoqxFIxGph4BoJrhkLeAg2EOsGAkDwTrB+Cr3O49MaR7Je5jEzA/JUPIBpwSM1LMPvJDAiBKR3mbYk9yDEQOCr3t21ak5U+BF4hakigo0e/aX149oEjIJVBCtu64Tg58SBZwKllW8RLOY0DEZsq6hkoRM++n0gQwfG6WPB5EyJQFP1d8TKQm1noSB6czP1fNeLv7ndRMYXPgpl3ECTNLZokEiMEQ4TwP3uWIUxMQQQhU3t2I6IopQMJlVTAju/MuLpF2vuae1+t1ZtXFZxFFGh+gInSAXnaMGukFN1EIUZegZvaI368l6sd6tj1lrySpm9tEfWJ8/VcOWOg==</latexit>
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❖ Consider a theory of just the massless           fieldC↵��
<latexit sha1_base64="cmilNeD4U2dJd9hnYyTyOgw6MHs=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkpSBT0We/FYwX5AE8Jku2mX7m7C7kYooeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz86KUUaVd99sqra1vbG6Vtys7u3v7B/bhUUclmcSkjROWyF4EijAqSFtTzUgvlQR4xEg3GjdnfveRSEUT8aAnKQk4DAWNKQZtpNA+aYa5DywdgR8RDf4QOIdpaFfdmjuHs0q8glRRgVZof/mDBGecCI0ZKNX33FQHOUhNMSPTip8pkgIew5D0DRXAiQry+flT59woAydOpCmhnbn6eyIHrtSER6aTgx6pZW8m/uf1Mx3fBDkVaaaJwItFccYcnTizLJwBlQRrNjEEsKTmVgePQALWJrGKCcFbfnmVdOo177JWv7+qNm6LOMroFJ2hC+Sha9RAd6iF2gijHD2jV/RmPVkv1rv1sWgtWcXMMfoD6/MHfU6V1A==</latexit>

L =
1

⇤4
Fµ↵��F

µ↵�� + C↵��J
↵��

<latexit sha1_base64="aVLbibRP2a7sOFZI9XFAeTEbrMc="></latexit>

❖ Without sources, the EOM gives @µFµ↵�� = 0
<latexit sha1_base64="ySglGKvrPo1GoYZ0BhL+7rSEFfI=">AAACEnicbVDLSgMxFM34rPVVdekmWATdlJkq6EYoCuKygn1Ap5Y7aaYNTWZCkhHK0G9w46+4caGIW1fu/BszbRfaeiDkcM693HtPIDnTxnW/nYXFpeWV1dxafn1jc2u7sLNb13GiCK2RmMeqGYCmnEW0ZpjhtCkVBRFw2ggGV5nfeKBKszi6M0NJ2wJ6EQsZAWOlTuHYl6AMA37viwRfd1L7+cBlH/yAGvB7IASM8AV2O4WiW3LHwPPEm5IimqLaKXz53ZgkgkaGcNC65bnStNNsHOF0lPcTTSWQAfRoy9IIBNXtdHzSCB9apYvDWNkXGTxWf3ekILQeisBWCjB9Petl4n9eKzHheTtlkUwMjchkUJhwbGKc5YO7TFFi+NASIIrZXTHpgwJibIp5G4I3e/I8qZdL3kmpfHtarFxO48ihfXSAjpCHzlAF3aAqqiGCHtEzekVvzpPz4rw7H5PSBWfas4f+wPn8Ad3fnY8=</latexit>

L 3 ↵

8⇡
✓GG̃

<latexit sha1_base64="D/4b22fpx6KfRpGuapI/ZWT3lAQ=">AAACInicbVDLSgNBEJz1bXxFPXoZDIKnsKuC8SZ6iAcPEYwK2RB6J71mcHZ2mekVwpJv8eKvePGgqCfBj3ESc/BVMFBUddNTFWVKWvL9d29icmp6ZnZuvrSwuLS8Ul5du7BpbgQ2RapScxWBRSU1NkmSwqvMICSRwsvo5njoX96isTLV59TPsJ3AtZaxFEBO6pQPwgSoJ0AVpwMeasnD2IAoeAgq6wEfFLwWZpI7j3pIwOuOSNVFXu+UK37VH4H/JcGYVNgYjU75NeymIk9Qk1BgbSvwM2oXYEgKhYNSmFvMQNzANbYc1ZCgbRejiAO+5ZQuj1PjniY+Ur9vFJBY208iNzkMZH97Q/E/r5VTXGsXUmc5oRZfh+JccUr5sC/elQYFqb4jIIx0f+WiB64jcq2WXAnB78h/ycVONdit7pztVQ6PxnXMsQ22ybZZwPbZITthDdZkgt2xB/bEnr1779F78d6+Rie88c46+wHv4xOAKKL7</latexit>

Fµ↵�� = F0✏µ↵�� = ✓⇤4✏µ↵��
<latexit sha1_base64="Ezn9TvRlz6zUNqdbe8gTmOjnVH8="></latexit>

An arbitrary value of this 
would satisfy the EOM

L 3 ✓F
<latexit sha1_base64="SAAQo62AVux2VzkYuyughfE8n1c=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSVEGPRUE8eKhgW6EJZbPdtks3m7A7EUrIxb/ixYMiXv0Z3vw3btoctPXBwOO9GWbmBbHgGhzn2yotLa+srpXXKxubW9s79u5eW0eJoqxFIxGph4BoJrhkLeAg2EOsGAkDwTrB+Cr3O49MaR7Je5jEzA/JUPIBpwSM1LMPvJDAiBKR3mbYk9yDEQOCr3t21ak5U+BF4hakigo0e/aX149oEjIJVBCtu64Tg58SBZwKllW8RLOY0DEZsq6hkoRM++n0gQwfG6WPB5EyJQFP1d8TKQm1noSB6czP1fNeLv7ndRMYXPgpl3ECTNLZokEiMEQ4TwP3uWIUxMQQQhU3t2I6IopQMJlVTAju/MuLpF2vuae1+t1ZtXFZxFFGh+gInSAXnaMGukFN1EIUZegZvaI368l6sd6tj1lrySpm9tEfWJ8/VcOWOg==</latexit>

G. Dvali, hep-th/0507215

Screening in the dual picture
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❖ Consider a theory of just the massless           fieldC↵��
<latexit sha1_base64="cmilNeD4U2dJd9hnYyTyOgw6MHs=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkpSBT0We/FYwX5AE8Jku2mX7m7C7kYooeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz86KUUaVd99sqra1vbG6Vtys7u3v7B/bhUUclmcSkjROWyF4EijAqSFtTzUgvlQR4xEg3GjdnfveRSEUT8aAnKQk4DAWNKQZtpNA+aYa5DywdgR8RDf4QOIdpaFfdmjuHs0q8glRRgVZof/mDBGecCI0ZKNX33FQHOUhNMSPTip8pkgIew5D0DRXAiQry+flT59woAydOpCmhnbn6eyIHrtSER6aTgx6pZW8m/uf1Mx3fBDkVaaaJwItFccYcnTizLJwBlQRrNjEEsKTmVgePQALWJrGKCcFbfnmVdOo177JWv7+qNm6LOMroFJ2hC+Sha9RAd6iF2gijHD2jV/RmPVkv1rv1sWgtWcXMMfoD6/MHfU6V1A==</latexit>

L =
1

⇤4
Fµ↵��F

µ↵�� + C↵��J
↵��

<latexit sha1_base64="aVLbibRP2a7sOFZI9XFAeTEbrMc="></latexit>

❖ Without sources, the EOM gives @µFµ↵�� = 0
<latexit sha1_base64="ySglGKvrPo1GoYZ0BhL+7rSEFfI=">AAACEnicbVDLSgMxFM34rPVVdekmWATdlJkq6EYoCuKygn1Ap5Y7aaYNTWZCkhHK0G9w46+4caGIW1fu/BszbRfaeiDkcM693HtPIDnTxnW/nYXFpeWV1dxafn1jc2u7sLNb13GiCK2RmMeqGYCmnEW0ZpjhtCkVBRFw2ggGV5nfeKBKszi6M0NJ2wJ6EQsZAWOlTuHYl6AMA37viwRfd1L7+cBlH/yAGvB7IASM8AV2O4WiW3LHwPPEm5IimqLaKXz53ZgkgkaGcNC65bnStNNsHOF0lPcTTSWQAfRoy9IIBNXtdHzSCB9apYvDWNkXGTxWf3ekILQeisBWCjB9Petl4n9eKzHheTtlkUwMjchkUJhwbGKc5YO7TFFi+NASIIrZXTHpgwJibIp5G4I3e/I8qZdL3kmpfHtarFxO48ihfXSAjpCHzlAF3aAqqiGCHtEzekVvzpPz4rw7H5PSBWfas4f+wPn8Ad3fnY8=</latexit>

L 3 ↵

8⇡
✓GG̃

<latexit sha1_base64="D/4b22fpx6KfRpGuapI/ZWT3lAQ=">AAACInicbVDLSgNBEJz1bXxFPXoZDIKnsKuC8SZ6iAcPEYwK2RB6J71mcHZ2mekVwpJv8eKvePGgqCfBj3ESc/BVMFBUddNTFWVKWvL9d29icmp6ZnZuvrSwuLS8Ul5du7BpbgQ2RapScxWBRSU1NkmSwqvMICSRwsvo5njoX96isTLV59TPsJ3AtZaxFEBO6pQPwgSoJ0AVpwMeasnD2IAoeAgq6wEfFLwWZpI7j3pIwOuOSNVFXu+UK37VH4H/JcGYVNgYjU75NeymIk9Qk1BgbSvwM2oXYEgKhYNSmFvMQNzANbYc1ZCgbRejiAO+5ZQuj1PjniY+Ur9vFJBY208iNzkMZH97Q/E/r5VTXGsXUmc5oRZfh+JccUr5sC/elQYFqb4jIIx0f+WiB64jcq2WXAnB78h/ycVONdit7pztVQ6PxnXMsQ22ybZZwPbZITthDdZkgt2xB/bEnr1779F78d6+Rie88c46+wHv4xOAKKL7</latexit>

1

⇤4
Fµ↵��F

µ↵�� = ✓✏µ↵��F
µ↵�� = ✓F

<latexit sha1_base64="uKs4vXyNmuEsluVlPdNZqIfB2YQ="></latexit><latexit sha1_base64="uKs4vXyNmuEsluVlPdNZqIfB2YQ="></latexit>

❖ Rewriting the kinetic term:

Fµ↵�� = F0✏µ↵�� = ✓⇤4✏µ↵��
<latexit sha1_base64="Ezn9TvRlz6zUNqdbe8gTmOjnVH8="></latexit>

L 3 ✓F
<latexit sha1_base64="SAAQo62AVux2VzkYuyughfE8n1c=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSVEGPRUE8eKhgW6EJZbPdtks3m7A7EUrIxb/ixYMiXv0Z3vw3btoctPXBwOO9GWbmBbHgGhzn2yotLa+srpXXKxubW9s79u5eW0eJoqxFIxGph4BoJrhkLeAg2EOsGAkDwTrB+Cr3O49MaR7Je5jEzA/JUPIBpwSM1LMPvJDAiBKR3mbYk9yDEQOCr3t21ak5U+BF4hakigo0e/aX149oEjIJVBCtu64Tg58SBZwKllW8RLOY0DEZsq6hkoRM++n0gQwfG6WPB5EyJQFP1d8TKQm1noSB6czP1fNeLv7ndRMYXPgpl3ECTNLZokEiMEQ4TwP3uWIUxMQQQhU3t2I6IopQMJlVTAju/MuLpF2vuae1+t1ZtXFZxFFGh+gInSAXnaMGukFN1EIUZegZvaI368l6sd6tj1lrySpm9tEfWJ8/VcOWOg==</latexit>

G. Dvali, hep-th/0507215

Screening in the dual picture
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❖ You can think of     as the kinetic term for C_{ b with a 
constant electric field values, and the the strength of that 
electric field ✓

<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

❖ Screening this electric field would ensure

❖ This can be accomplished by giving            a mass

C↵��
<latexit sha1_base64="cmilNeD4U2dJd9hnYyTyOgw6MHs=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkpSBT0We/FYwX5AE8Jku2mX7m7C7kYooeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz86KUUaVd99sqra1vbG6Vtys7u3v7B/bhUUclmcSkjROWyF4EijAqSFtTzUgvlQR4xEg3GjdnfveRSEUT8aAnKQk4DAWNKQZtpNA+aYa5DywdgR8RDf4QOIdpaFfdmjuHs0q8glRRgVZof/mDBGecCI0ZKNX33FQHOUhNMSPTip8pkgIew5D0DRXAiQry+flT59woAydOpCmhnbn6eyIHrtSER6aTgx6pZW8m/uf1Mx3fBDkVaaaJwItFccYcnTizLJwBlQRrNjEEsKTmVgePQALWJrGKCcFbfnmVdOo177JWv7+qNm6LOMroFJ2hC+Sha9RAd6iF2gijHD2jV/RmPVkv1rv1sWgtWcXMMfoD6/MHfU6V1A==</latexit>

✏µ↵��Fµ↵�� = F
<latexit sha1_base64="h9OMXgUjabE83hz483ko1b/d510=">AAACJXicdVDLSgNBEJz1bXxFPXoZDIKnsKuCHhSCgniMYB6QjaF30kkGZ2aXmVkhLPkZL/6KFw+KCJ78FSePg0YtaCiquunuihLBjfX9D29mdm5+YXFpObeyura+kd/cqpo41QwrLBaxrkdgUHCFFcutwHqiEWQksBbdXQz92j1qw2N1Y/sJNiV0Fe9wBtZJrfxpiInhIla3WSjTEETSgzBCC2EXpIQBvWz9Y5w5K1/wi/4I9DcJJqRAJii38q9hO2apRGWZAGMagZ/YZgbaciZwkAtTgwmwO+hiw1EFEk0zG305oHtOadNOrF0pS0fq94kMpDF9GblOCbZnpr2h+JfXSG3npJlxlaQWFRsv6qSC2pgOI6NtrpFZ0XcEmObuVsp6oIFZF2zOhRBMv/ybVA+KwWHx4PqoUDqfxLFEdsgu2ScBOSYlckXKpEIYeSBP5IW8eo/es/fmvY9bZ7zJzDb5Ae/zCwZ3piE=</latexit>

✓ = 0
<latexit sha1_base64="PmevBmMaa58LtshZcCvPkl8+gcg=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrBxwn3I/oQIlQMIpWandxyJFeu71S2a24M5Bl4uWkDDnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9m907IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo86QvNGcqxJZRpYW8lbEg1ZWgjKtoQvMWXl0mzWvHOK9X7i3LtJo+jAMdwAmfgwSXU4A7q0AAGEp7hFd6cR+fFeXc+5q0rTj5zBH/gfP4AmYePrQ==</latexit>

C↵��
<latexit sha1_base64="cmilNeD4U2dJd9hnYyTyOgw6MHs=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AInkpSBT0We/FYwX5AE8Jku2mX7m7C7kYooeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz86KUUaVd99sqra1vbG6Vtys7u3v7B/bhUUclmcSkjROWyF4EijAqSFtTzUgvlQR4xEg3GjdnfveRSEUT8aAnKQk4DAWNKQZtpNA+aYa5DywdgR8RDf4QOIdpaFfdmjuHs0q8glRRgVZof/mDBGecCI0ZKNX33FQHOUhNMSPTip8pkgIew5D0DRXAiQry+flT59woAydOpCmhnbn6eyIHrtSER6aTgx6pZW8m/uf1Mx3fBDkVaaaJwItFccYcnTizLJwBlQRrNjEEsKTmVgePQALWJrGKCcFbfnmVdOo177JWv7+qNm6LOMroFJ2hC+Sha9RAd6iF2gijHD2jV/RmPVkv1rv1sWgtWcXMMfoD6/MHfU6V1A==</latexit>

L 3 ✓F
<latexit sha1_base64="SAAQo62AVux2VzkYuyughfE8n1c=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSVEGPRUE8eKhgW6EJZbPdtks3m7A7EUrIxb/ixYMiXv0Z3vw3btoctPXBwOO9GWbmBbHgGhzn2yotLa+srpXXKxubW9s79u5eW0eJoqxFIxGph4BoJrhkLeAg2EOsGAkDwTrB+Cr3O49MaR7Je5jEzA/JUPIBpwSM1LMPvJDAiBKR3mbYk9yDEQOCr3t21ak5U+BF4hakigo0e/aX149oEjIJVBCtu64Tg58SBZwKllW8RLOY0DEZsq6hkoRM++n0gQwfG6WPB5EyJQFP1d8TKQm1noSB6czP1fNeLv7ndRMYXPgpl3ECTNLZokEiMEQ4TwP3uWIUxMQQQhU3t2I6IopQMJlVTAju/MuLpF2vuae1+t1ZtXFZxFFGh+gInSAXnaMGukFN1EIUZegZvaI368l6sd6tj1lrySpm9tEfWJ8/VcOWOg==</latexit>

G. Dvali, hep-th/0507215L 3 ↵

8⇡
✓GG̃

<latexit sha1_base64="D/4b22fpx6KfRpGuapI/ZWT3lAQ=">AAACInicbVDLSgNBEJz1bXxFPXoZDIKnsKuC8SZ6iAcPEYwK2RB6J71mcHZ2mekVwpJv8eKvePGgqCfBj3ESc/BVMFBUddNTFWVKWvL9d29icmp6ZnZuvrSwuLS8Ul5du7BpbgQ2RapScxWBRSU1NkmSwqvMICSRwsvo5njoX96isTLV59TPsJ3AtZaxFEBO6pQPwgSoJ0AVpwMeasnD2IAoeAgq6wEfFLwWZpI7j3pIwOuOSNVFXu+UK37VH4H/JcGYVNgYjU75NeymIk9Qk1BgbSvwM2oXYEgKhYNSmFvMQNzANbYc1ZCgbRejiAO+5ZQuj1PjniY+Ur9vFJBY208iNzkMZH97Q/E/r5VTXGsXUmc5oRZfh+JccUr5sC/elQYFqb4jIIx0f+WiB64jcq2WXAnB78h/ycVONdit7pztVQ6PxnXMsQ22ybZZwPbZITthDdZkgt2xB/bEnr1779F78d6+Rie88c46+wHv4xOAKKL7</latexit>

Screening in the dual picture
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❖ The axion dynamically ensuring                       is dual to 
“Higgsing” the three-form gauge field and screening its 
electric field

La =
1

2
@µa@

µ
a+

✓
✓ +

a

fa

◆
F + ⇤4

H

✓
F

⇤4

◆

<latexit sha1_base64="sMR9wraN+ketrhuxksoijJWP5mQ="></latexit>

These two theories are dual to each other:

⌧
✓ +

a

fa

�
= 0

<latexit sha1_base64="GkEw2B9ueBkYLn1WzFkkNbGa0Hk=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBAEIeyqoBdB9OIxglEhG0LvpDcZnJ1dZnqFsORHvPgrXjwo4sGL+DdOHgdfBQNFVTU9XVGmpCXf//Smpmdm5+ZLC+XFpeWV1cra+pVNcyOwIVKVmpsILCqpsUGSFN5kBiGJFF5Ht2dD//oOjZWpvqR+hq0EulrGUgA5qV05CBXGFCrQXYU8pB4S8F0exgYEhyJuw4CHRnZ7FJpx5pj77UrVr/kj8L8kmJAqm6DerryHnVTkCWoSCqxtBn5GrQIMSaFwUA5zixmIW+hi01ENCdpWMbpuwLed0uFxatzTxEfq94kCEmv7SeSSCVDP/vaG4n9eM6f4qFVIneWEWowXxbnilPJhVbwjDQpSfUdAGOn+ykUPXDHkCi27EoLfJ/8lV3u1YL+2d3FQPTmd1FFim2yL7bCAHbITds7qrMEEu2eP7Jm9eA/ek/fqvY2jU95kZoP9gPfxBQ4/oT0=</latexit>

G. Dvali, hep-th/0507215

LB =
3

fa
(@↵B�� � C↵��)

2 +
1

⇤4
Fµ↵��F

µ↵��

<latexit sha1_base64="io2ZudZKDKjVNZxwq1h9OmrHMXk="></latexit>

Stückelberg 
field

Screening in the dual picture
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The screening effect & unification

�67

L 3 ↵1

8⇡
✓1G1G̃1 +

↵2

8⇡
✓2G2G̃2

<latexit sha1_base64="hbk7SO62d3e444DLm6g66w90MzI="></latexit>

L 3 ✓1F1 + ✓2F2
<latexit sha1_base64="PWjdJYqZr0Y+GgWjaqtFE8sF9I8=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIhTJTBV0WBXHhooJ9QGcYMmnahmYyQ3JHKEM/wo2/4saFIm5duPNvTNsRtPXAhXPPvZfknCAWXINtf1m5peWV1bX8emFjc2t7p7i719RRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVDC8n89Y9U5pH8g5GMfNC0pe8xykBI/nFshsSGFAi0puxKzl2YcCA+A6+MlX+aaumrWK/WLIr9hR4kTgZKaEMdb/46XYjmoRMAhVE645jx+ClRAGngo0LbqJZTOiQ9FnHUElCpr10amqMj4zSxb1ImZKAp+rvi5SEWo/CwGxOLOj52UT8b9ZJoHfupVzGCTBJZw/1EoEhwpOEcJcrRkGMDCFUcfNXTAdEEQomx4IJwZm3vEia1YpzUqnenpZqF1kceXSADtExctAZqqFrVEcNRNEDekIv6NV6tJ6tN+t9tpqzspt99AfWxzeyHJyn</latexit>

✓1 = ✓2
<latexit sha1_base64="3VfyA3On60IruA5xW2ee17RuOrA=">AAAB+nicbZBNS8NAEIY3ftb6lerRS7AInkpSBb0IRS8eK9gPaEPYbKft0s0m7E6UEvtTvHhQxKu/xJv/xm2bg7a+sPDwzgwz+4aJ4Bpd99taWV1b39gsbBW3d3b39u3SQVPHqWLQYLGIVTukGgSX0ECOAtqJAhqFAlrh6GZabz2A0jyW9zhOwI/oQPI+ZxSNFdilLg4BaeBd5VAN7LJbcWdylsHLoUxy1QP7q9uLWRqBRCao1h3PTdDPqELOBEyK3VRDQtmIDqBjUNIItJ/NTp84J8bpOf1YmSfRmbm/JzIaaT2OQtMZURzqxdrU/K/WSbF/6WdcJimCZPNF/VQ4GDvTHJweV8BQjA1Qpri51WFDqihDk1bRhOAtfnkZmtWKd1ap3p2Xa9d5HAVyRI7JKfHIBamRW1InDcLII3kmr+TNerJerHfrY966YuUzh+SPrM8fqSqTmw==</latexit>

If you assume unification, you have a single parameter:

Fµ↵�� = F0✏µ↵�� = ✓⇤4✏µ↵��
<latexit sha1_base64="Ezn9TvRlz6zUNqdbe8gTmOjnVH8="></latexit>

❖ The parameter that governs the strength of the electric 
field is then the same for both gauge groups

❖ Given a single axion, are both electric fields screened 
in the dual picture?
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❖ Only the combination of                gets screened

These two theories are dual to each other: G. Dvali, hep-th/0507215

Stückelberg 
field

LB =
3

fa

�
@↵B�� � C1↵�� � C2↵��

�2
+

1

⇤1
✓F1 +

1

⇤2
✓F2

<latexit sha1_base64="kZyJ7V32sTYeRAvCNVfTITF9kM4="></latexit>

La =
1

2
@µa@

µa+

✓
✓ +

a

fa

◆
(F1 + F2)

<latexit sha1_base64="cmCmm78w91dtOn8Lp3X+tbNvThY="></latexit>

❖ The value of                  is not screened, but is guaranteed to 
be zero when we set 

F1 + F2
<latexit sha1_base64="v0NLms6HbY4R+spmLR3DPGQx49U=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIIQtmtgh6LQvFYwX5guyzZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wdDv1209UaSbFgxkn1I/xQLCIEWys9FgPPHSO6kEVBaWyW3FnQMvEy0kZcjSC0levL0kaU2EIx1p3PTcxfoaVYYTTSbGXappgMsID2rVU4JhqP5tdPEGnVumjSCpbwqCZ+nsiw7HW4zi0nTE2Q73oTcX/vG5qoms/YyJJDRVkvihKOTISTd9HfaYoMXxsCSaK2VsRGWKFibEhFW0I3uLLy6RVrXgXler9Zbl2k8dRgGM4gTPw4ApqcAcNaAIBAc/wCm+Odl6cd+dj3rri5DNH8AfO5w/lrY8a</latexit>

F1 � F2
<latexit sha1_base64="Yy2gRnkzEk8lwKCEk13Z8o8ICcY=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJ4sexWQY9FoXisYD+wXZZsmm1Ds8mSZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777aysrq1vbBa2its7u3v7pYPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWeqwHHjpH9aCKglLZrbgzoGXi5aQMORpB6avXlySNqTCEY627npsYP8PKMMLppNhLNU0wGeEB7VoqcEy1n80unqBTq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10bWfMZGkhgoyXxSlHBmJpu+jPlOUGD62BBPF7K2IDLHCxNiQijYEb/HlZdKqVryLSvX+sly7yeMowDGcwBl4cAU1uIMGNIGAgGd4hTdHOy/Ou/Mxb11x8pkj+APn8wfov48c</latexit>

✓1 = ✓2
<latexit sha1_base64="3VfyA3On60IruA5xW2ee17RuOrA=">AAAB+nicbZBNS8NAEIY3ftb6lerRS7AInkpSBb0IRS8eK9gPaEPYbKft0s0m7E6UEvtTvHhQxKu/xJv/xm2bg7a+sPDwzgwz+4aJ4Bpd99taWV1b39gsbBW3d3b39u3SQVPHqWLQYLGIVTukGgSX0ECOAtqJAhqFAlrh6GZabz2A0jyW9zhOwI/oQPI+ZxSNFdilLg4BaeBd5VAN7LJbcWdylsHLoUxy1QP7q9uLWRqBRCao1h3PTdDPqELOBEyK3VRDQtmIDqBjUNIItJ/NTp84J8bpOf1YmSfRmbm/JzIaaT2OQtMZURzqxdrU/K/WSbF/6WdcJimCZPNF/VQ4GDvTHJweV8BQjA1Qpri51WFDqihDk1bRhOAtfnkZmtWKd1ap3p2Xa9d5HAVyRI7JKfHIBamRW1InDcLII3kmr+TNerJerHfrY966YuUzh+SPrM8fqSqTmw==</latexit>

The screening effect & unification
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So… did we cheat?

�69

Two model-building ingredients give a heavy axion:

Symmetry that relates       . Extra mass contributions✓’s
<latexit sha1_base64="eycIlg7KhmnrP/YqQmLjEkQf2fc=">AAAB+HicbVBNS8NAEN34WetHox69BIvoqSRV0GPRi8cK9gOaUDbbabt0swm7E7GG/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTATX6Lrf1srq2vrGZmGruL2zu1ey9w+aOk4VgwaLRazaIdUguIQGchTQThTQKBTQCkc3U7/1AErzWN7jOIEgogPJ+5xRNFLXLvk4BKQ+wiNmp3rStctuxZ3BWSZeTsokR71rf/m9mKURSGSCat3x3ASDjCrkTMCk6KcaEspGdAAdQyWNQAfZ7PCJc2KUntOPlSmJzkz9PZHRSOtxFJrOiOJQL3pT8T+vk2L/Ksi4TFIEyeaL+qlwMHamKTg9roChGBtCmeLmVocNqaIMTVZFE4K3+PIyaVYr3nmlendRrl3ncRTIETkmZ8Qjl6RGbkmdNAgjKXkmr+TNerJerHfrY966YuUzh+QPrM8fKiqTag==</latexit>

 

 

 

✓ 



More Back-up Slides
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❖ Both axions are dynamical with a 
scale set by                  confinement 

Two UV Completions

�71

(1) Add a second massless quark charged under 

(2) Introduce a second      to ensure PQ symmetry, then the 
resulting axion absorbs

SU(3)0
<latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit>

✓0
<latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit><latexit sha1_base64="p04sTRJ0y8dH0EjganzGY1kBg3E=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF48RzAOSJcxOOsmQ2QczvUJY8hFePCji1e/x5t84SfagiQUNRVU33V1BoqQh1/12CmvrG5tbxe3Szu7e/kH58Khp4lQLbIhYxbodcINKRtggSQrbiUYeBgpbwfhu5reeUBsZR480SdAP+TCSAyk4WanVpRESP++VK27VnYOtEi8nFchR75W/uv1YpCFGJBQ3puO5CfkZ1ySFwmmpmxpMuBjzIXYsjXiIxs/m507ZmVX6bBBrWxGxufp7IuOhMZMwsJ0hp5FZ9mbif14npcGNn8koSQkjsVg0SBWjmM1+Z32pUZCaWMKFlvZWJkZcc0E2oZINwVt+eZU0L6ueW/Ueriq12zyOIpzAKVyAB9dQg3uoQwMEjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBBoKPWQ==</latexit>

❖ This requires higher CUT scales

SU(3)diag
<latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit>

❖ Hybrid solution with a dynamical axion and a standard axion

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

 

m� = 0
<latexit sha1_base64="6KvOW1mS7rQWfdst/sSD/cD7uWc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvM5cs2d07dveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THmW3wwacXBG/W674VX8GskyCnFQgR71b/ur0EpZJVJYJakw78FMbjqm2nAmclDqZwZSyIe1j21FFJZpwPLt4Qk6c0iNxol0pS2bq74kxlcaMZOQ6JbUDs+hNxf+8dmbjy3DMVZpZVGy+KM4EsQmZvk96XCOzYuQIZZq7WwkbUE2ZdSGVXAjB4svLpHlWDfxqcHdeqV3ncRThCI7hFAK4gBrcQh0awEDBM7zCm2e8F+/d+5i3Frx85hD+wPv8ASbsj+c=</latexit><latexit sha1_base64="6KvOW1mS7rQWfdst/sSD/cD7uWc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvM5cs2d07dveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THmW3wwacXBG/W674VX8GskyCnFQgR71b/ur0EpZJVJYJakw78FMbjqm2nAmclDqZwZSyIe1j21FFJZpwPLt4Qk6c0iNxol0pS2bq74kxlcaMZOQ6JbUDs+hNxf+8dmbjy3DMVZpZVGy+KM4EsQmZvk96XCOzYuQIZZq7WwkbUE2ZdSGVXAjB4svLpHlWDfxqcHdeqV3ncRThCI7hFAK4gBrcQh0awEDBM7zCm2e8F+/d+5i3Frx85hD+wPv8ASbsj+c=</latexit><latexit sha1_base64="6KvOW1mS7rQWfdst/sSD/cD7uWc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvM5cs2d07dveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THmW3wwacXBG/W674VX8GskyCnFQgR71b/ur0EpZJVJYJakw78FMbjqm2nAmclDqZwZSyIe1j21FFJZpwPLt4Qk6c0iNxol0pS2bq74kxlcaMZOQ6JbUDs+hNxf+8dmbjy3DMVZpZVGy+KM4EsQmZvk96XCOzYuQIZZq7WwkbUE2ZdSGVXAjB4svLpHlWDfxqcHdeqV3ncRThCI7hFAK4gBrcQh0awEDBM7zCm2e8F+/d+5i3Frx85hD+wPv8ASbsj+c=</latexit><latexit sha1_base64="6KvOW1mS7rQWfdst/sSD/cD7uWc=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvM5cs2d07dveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THmW3wwacXBG/W674VX8GskyCnFQgR71b/ur0EpZJVJYJakw78FMbjqm2nAmclDqZwZSyIe1j21FFJZpwPLt4Qk6c0iNxol0pS2bq74kxlcaMZOQ6JbUDs+hNxf+8dmbjy3DMVZpZVGy+KM4EsQmZvk96XCOzYuQIZZq7WwkbUE2ZdSGVXAjB4svLpHlWDfxqcHdeqV3ncRThCI7hFAK4gBrcQh0awEDBM7zCm2e8F+/d+5i3Frx85hD+wPv8ASbsj+c=</latexit>
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Model II: Addition of a Second Scalar

�73

� ! {�1,�2}
<latexit sha1_base64="b2xJl7r0idftWYVN0mMlw0iF3wY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiLlxWsA/oDCWT3mlDMw+SO0IZ+gFu/BU3LhRx6we4829M2xG09UDg5Jx7Sc7xEyk02vaXtbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rHpQWcXSHowS8kPUjEQjO0EjdUtm9BomMuhhTN6OzW9c5/WFV6o7NlF2xp6CLxMlJmeSod0ufbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9k0zJgeG6VHg1iZEyGdqr83MhZqPQp9MxkyHOh5byL+53VSDC68TERJihDx2UNBKqlJPmmG9oQCjnJkCONKmL9SPmCKcTT9FU0JznzkRdKsVhy74tyelWuXeR0FckiOyAlxyDmpkRtSJw3CyQN5Ii/k1Xq0nq036302umTlOwfkD6yPbxPFmbc=</latexit><latexit sha1_base64="b2xJl7r0idftWYVN0mMlw0iF3wY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiLlxWsA/oDCWT3mlDMw+SO0IZ+gFu/BU3LhRx6we4829M2xG09UDg5Jx7Sc7xEyk02vaXtbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rHpQWcXSHowS8kPUjEQjO0EjdUtm9BomMuhhTN6OzW9c5/WFV6o7NlF2xp6CLxMlJmeSod0ufbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9k0zJgeG6VHg1iZEyGdqr83MhZqPQp9MxkyHOh5byL+53VSDC68TERJihDx2UNBKqlJPmmG9oQCjnJkCONKmL9SPmCKcTT9FU0JznzkRdKsVhy74tyelWuXeR0FckiOyAlxyDmpkRtSJw3CyQN5Ii/k1Xq0nq036302umTlOwfkD6yPbxPFmbc=</latexit><latexit sha1_base64="b2xJl7r0idftWYVN0mMlw0iF3wY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiLlxWsA/oDCWT3mlDMw+SO0IZ+gFu/BU3LhRx6we4829M2xG09UDg5Jx7Sc7xEyk02vaXtbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rHpQWcXSHowS8kPUjEQjO0EjdUtm9BomMuhhTN6OzW9c5/WFV6o7NlF2xp6CLxMlJmeSod0ufbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9k0zJgeG6VHg1iZEyGdqr83MhZqPQp9MxkyHOh5byL+53VSDC68TERJihDx2UNBKqlJPmmG9oQCjnJkCONKmL9SPmCKcTT9FU0JznzkRdKsVhy74tyelWuXeR0FckiOyAlxyDmpkRtSJw3CyQN5Ii/k1Xq0nq036302umTlOwfkD6yPbxPFmbc=</latexit><latexit sha1_base64="b2xJl7r0idftWYVN0mMlw0iF3wY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiLlxWsA/oDCWT3mlDMw+SO0IZ+gFu/BU3LhRx6we4829M2xG09UDg5Jx7Sc7xEyk02vaXtbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rHpQWcXSHowS8kPUjEQjO0EjdUtm9BomMuhhTN6OzW9c5/WFV6o7NlF2xp6CLxMlJmeSod0ufbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9k0zJgeG6VHg1iZEyGdqr83MhZqPQp9MxkyHOh5byL+53VSDC68TERJihDx2UNBKqlJPmmG9oQCjnJkCONKmL9SPmCKcTT9FU0JznzkRdKsVhy74tyelWuXeR0FckiOyAlxyDmpkRtSJw3CyQN5Ii/k1Xq0nq036302umTlOwfkD6yPbxPFmbc=</latexit>

❖ Instead of adding the massless    , we include a second       
field

�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

❖ Note that the PQ symmetry 
forbids terms like:

 

 

SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>

 

PQ{�1,�2, q0R, u
0
L, d

0
L} = {+1,�1,+1,+1,+1}

<latexit sha1_base64="gwl0Xr3lEHu4GTf2OKK4+oxLs4E="></latexit><latexit sha1_base64="gwl0Xr3lEHu4GTf2OKK4+oxLs4E="></latexit><latexit sha1_base64="gwl0Xr3lEHu4GTf2OKK4+oxLs4E="></latexit><latexit sha1_base64="gwl0Xr3lEHu4GTf2OKK4+oxLs4E="></latexit>

y0d d
0
L � q0R

<latexit sha1_base64="PM4YTkjjLgVZ2rNgM2Xpfy4S7b0=">AAACEHicbVC7TsMwFHV4lvIKMLJYVKgMqEoQEowVLAwMBdGH1FSR4zitVccJtoMURf0EFn6FhQGEWBnZ+BucNAO0XMm6R+fcY/seL2ZUKsv6NhYWl5ZXVitr1fWNza1tc2e3I6NEYNLGEYtEz0OSMMpJW1HFSC8WBIUeI11vfJnr3QciJI34nUpjMgjRkNOAYqQ05Zr11PXr0DmGvntddCce0aJH2pbfmt27t/WJa9ashlUUnAd2CWqgrJZrfjl+hJOQcIUZkrJvW7EaZEgoihmZVJ1EkhjhMRqSvoYchUQOsmKhCTzUjA+DSOjDFSzY344MhVKmoacnQ6RGclbLyf+0fqKC80FGeZwowvH0oSBhUEUwTwf6VBCsWKoBwoLqv0I8QgJhpTOs6hDs2ZXnQeekYVsN++a01rwo46iAfXAAjoANzkATXIEWaAMMHsEzeAVvxpPxYrwbH9PRBaP07IE/ZXz+ABDImsA=</latexit><latexit sha1_base64="PM4YTkjjLgVZ2rNgM2Xpfy4S7b0=">AAACEHicbVC7TsMwFHV4lvIKMLJYVKgMqEoQEowVLAwMBdGH1FSR4zitVccJtoMURf0EFn6FhQGEWBnZ+BucNAO0XMm6R+fcY/seL2ZUKsv6NhYWl5ZXVitr1fWNza1tc2e3I6NEYNLGEYtEz0OSMMpJW1HFSC8WBIUeI11vfJnr3QciJI34nUpjMgjRkNOAYqQ05Zr11PXr0DmGvntddCce0aJH2pbfmt27t/WJa9ashlUUnAd2CWqgrJZrfjl+hJOQcIUZkrJvW7EaZEgoihmZVJ1EkhjhMRqSvoYchUQOsmKhCTzUjA+DSOjDFSzY344MhVKmoacnQ6RGclbLyf+0fqKC80FGeZwowvH0oSBhUEUwTwf6VBCsWKoBwoLqv0I8QgJhpTOs6hDs2ZXnQeekYVsN++a01rwo46iAfXAAjoANzkATXIEWaAMMHsEzeAVvxpPxYrwbH9PRBaP07IE/ZXz+ABDImsA=</latexit><latexit sha1_base64="PM4YTkjjLgVZ2rNgM2Xpfy4S7b0=">AAACEHicbVC7TsMwFHV4lvIKMLJYVKgMqEoQEowVLAwMBdGH1FSR4zitVccJtoMURf0EFn6FhQGEWBnZ+BucNAO0XMm6R+fcY/seL2ZUKsv6NhYWl5ZXVitr1fWNza1tc2e3I6NEYNLGEYtEz0OSMMpJW1HFSC8WBIUeI11vfJnr3QciJI34nUpjMgjRkNOAYqQ05Zr11PXr0DmGvntddCce0aJH2pbfmt27t/WJa9ashlUUnAd2CWqgrJZrfjl+hJOQcIUZkrJvW7EaZEgoihmZVJ1EkhjhMRqSvoYchUQOsmKhCTzUjA+DSOjDFSzY344MhVKmoacnQ6RGclbLyf+0fqKC80FGeZwowvH0oSBhUEUwTwf6VBCsWKoBwoLqv0I8QgJhpTOs6hDs2ZXnQeekYVsN++a01rwo46iAfXAAjoANzkATXIEWaAMMHsEzeAVvxpPxYrwbH9PRBaP07IE/ZXz+ABDImsA=</latexit><latexit sha1_base64="PM4YTkjjLgVZ2rNgM2Xpfy4S7b0=">AAACEHicbVC7TsMwFHV4lvIKMLJYVKgMqEoQEowVLAwMBdGH1FSR4zitVccJtoMURf0EFn6FhQGEWBnZ+BucNAO0XMm6R+fcY/seL2ZUKsv6NhYWl5ZXVitr1fWNza1tc2e3I6NEYNLGEYtEz0OSMMpJW1HFSC8WBIUeI11vfJnr3QciJI34nUpjMgjRkNOAYqQ05Zr11PXr0DmGvntddCce0aJH2pbfmt27t/WJa9ashlUUnAd2CWqgrJZrfjl+hJOQcIUZkrJvW7EaZEgoihmZVJ1EkhjhMRqSvoYchUQOsmKhCTzUjA+DSOjDFSzY344MhVKmoacnQ6RGclbLyf+0fqKC80FGeZwowvH0oSBhUEUwTwf6VBCsWKoBwoLqv0I8QgJhpTOs6hDs2ZXnQeekYVsN++a01rwo46iAfXAAjoANzkATXIEWaAMMHsEzeAVvxpPxYrwbH9PRBaP07IE/ZXz+ABDImsA=</latexit>

y0u u
0
L � q0R

<latexit sha1_base64="pyQowfwsiD+ThrIUtWmumizSNak=">AAACEHicbVC7TsMwFHV4lvIKMLJYVKgMqEoQEowVLAwMBdGH1ESR4zqtVccJtoMURf0EFn6FhQGEWBnZ+BucNAO0XMm6R+fcY/seP2ZUKsv6NhYWl5ZXVitr1fWNza1tc2e3I6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJnr3QciJI34nUpj4oZoyGlAMVKa8sx66iV16BzDxLsuuhOPaNEjbctvze692/rEM2tWwyoKzgO7BDVQVsszv5xBhJOQcIUZkrJvW7FyMyQUxYxMqk4iSYzwGA1JX0OOQiLdrFhoAg81M4BBJPThChbsb0eGQinT0NeTIVIjOavl5H9aP1HBuZtRHieKcDx9KEgYVBHM04EDKghWLNUAYUH1XyEeIYGw0hlWdQj27MrzoHPSsK2GfXNaa16UcVTAPjgAR8AGZ6AJrkALtAEGj+AZvII348l4Md6Nj+noglF69sCfMj5/AEiymuI=</latexit><latexit sha1_base64="pyQowfwsiD+ThrIUtWmumizSNak=">AAACEHicbVC7TsMwFHV4lvIKMLJYVKgMqEoQEowVLAwMBdGH1ESR4zqtVccJtoMURf0EFn6FhQGEWBnZ+BucNAO0XMm6R+fcY/seP2ZUKsv6NhYWl5ZXVitr1fWNza1tc2e3I6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJnr3QciJI34nUpj4oZoyGlAMVKa8sx66iV16BzDxLsuuhOPaNEjbctvze692/rEM2tWwyoKzgO7BDVQVsszv5xBhJOQcIUZkrJvW7FyMyQUxYxMqk4iSYzwGA1JX0OOQiLdrFhoAg81M4BBJPThChbsb0eGQinT0NeTIVIjOavl5H9aP1HBuZtRHieKcDx9KEgYVBHM04EDKghWLNUAYUH1XyEeIYGw0hlWdQj27MrzoHPSsK2GfXNaa16UcVTAPjgAR8AGZ6AJrkALtAEGj+AZvII348l4Md6Nj+noglF69sCfMj5/AEiymuI=</latexit><latexit sha1_base64="pyQowfwsiD+ThrIUtWmumizSNak=">AAACEHicbVC7TsMwFHV4lvIKMLJYVKgMqEoQEowVLAwMBdGH1ESR4zqtVccJtoMURf0EFn6FhQGEWBnZ+BucNAO0XMm6R+fcY/seP2ZUKsv6NhYWl5ZXVitr1fWNza1tc2e3I6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJnr3QciJI34nUpj4oZoyGlAMVKa8sx66iV16BzDxLsuuhOPaNEjbctvze692/rEM2tWwyoKzgO7BDVQVsszv5xBhJOQcIUZkrJvW7FyMyQUxYxMqk4iSYzwGA1JX0OOQiLdrFhoAg81M4BBJPThChbsb0eGQinT0NeTIVIjOavl5H9aP1HBuZtRHieKcDx9KEgYVBHM04EDKghWLNUAYUH1XyEeIYGw0hlWdQj27MrzoHPSsK2GfXNaa16UcVTAPjgAR8AGZ6AJrkALtAEGj+AZvII348l4Md6Nj+noglF69sCfMj5/AEiymuI=</latexit><latexit sha1_base64="pyQowfwsiD+ThrIUtWmumizSNak=">AAACEHicbVC7TsMwFHV4lvIKMLJYVKgMqEoQEowVLAwMBdGH1ESR4zqtVccJtoMURf0EFn6FhQGEWBnZ+BucNAO0XMm6R+fcY/seP2ZUKsv6NhYWl5ZXVitr1fWNza1tc2e3I6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJnr3QciJI34nUpj4oZoyGlAMVKa8sx66iV16BzDxLsuuhOPaNEjbctvze692/rEM2tWwyoKzgO7BDVQVsszv5xBhJOQcIUZkrJvW7FyMyQUxYxMqk4iSYzwGA1JX0OOQiLdrFhoAg81M4BBJPThChbsb0eGQinT0NeTIVIjOavl5H9aP1HBuZtRHieKcDx9KEgYVBHM04EDKghWLNUAYUH1XyEeIYGw0hlWdQj27MrzoHPSsK2GfXNaa16UcVTAPjgAR8AGZ6AJrkALtAEGj+AZvII348l4Md6Nj+noglF69sCfMj5/AEiymuI=</latexit>

&
<latexit sha1_base64="07zawvgQYsCi4r387EKxeWfRZU4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh955v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVO4AA+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AxqwjRA=</latexit><latexit sha1_base64="07zawvgQYsCi4r387EKxeWfRZU4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh955v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVO4AA+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AxqwjRA=</latexit><latexit sha1_base64="07zawvgQYsCi4r387EKxeWfRZU4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh955v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVO4AA+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AxqwjRA=</latexit><latexit sha1_base64="07zawvgQYsCi4r387EKxeWfRZU4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbFU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh955v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVO4AA+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AxqwjRA=</latexit>
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m2(8c) ⇡
9↵c

4⇡
⇤2
diag

<latexit sha1_base64="aT0so4dKhqGt3sASzu0wx9hLpDA="></latexit><latexit sha1_base64="aT0so4dKhqGt3sASzu0wx9hLpDA="></latexit><latexit sha1_base64="aT0so4dKhqGt3sASzu0wx9hLpDA="></latexit><latexit sha1_base64="aT0so4dKhqGt3sASzu0wx9hLpDA="></latexit>
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❖ The U(3) flavor symmetry is broken by condensates: h ̄ i

<latexit sha1_base64="PwjpniL+zxu6VNCVZkMBSdr1n58=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xt5pIle3vH7p4QQjob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFqeDauO63U1hZXVvfKG6WtrZ3dvfK+wdNnWSKYYMlIlHtEDQKLrFhuBHYThVCHApshcObqd96QKV5Iu/NKMUghr7kEWdgrNQtH/sCZF8g9UNQ1E81z5uayd1yxa26M9Bl4uWkQnLUu+Uvv5ewLEZpmACtO56bmmAMynAmcFLyM40psCH0sWOphBh1MJ7dMaGnVunRKFG2pKEz9ffGGGKtR3FoJ2MwA73oTcX/vE5moqtgzGWaGZRs/lCUCWoSOg2F9rhCZsTIEmCK279SNgAFzNjoSjYEb/HkZdI8r3pu1bu7qNSu8ziK5IickDPikUtSI7ekThqEkUfyTF7Jm/PkvDjvzsd8tODkO4fkD5zPHy5NmNw=</latexit><latexit sha1_base64="PwjpniL+zxu6VNCVZkMBSdr1n58=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xt5pIle3vH7p4QQjob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFqeDauO63U1hZXVvfKG6WtrZ3dvfK+wdNnWSKYYMlIlHtEDQKLrFhuBHYThVCHApshcObqd96QKV5Iu/NKMUghr7kEWdgrNQtH/sCZF8g9UNQ1E81z5uayd1yxa26M9Bl4uWkQnLUu+Uvv5ewLEZpmACtO56bmmAMynAmcFLyM40psCH0sWOphBh1MJ7dMaGnVunRKFG2pKEz9ffGGGKtR3FoJ2MwA73oTcX/vE5moqtgzGWaGZRs/lCUCWoSOg2F9rhCZsTIEmCK279SNgAFzNjoSjYEb/HkZdI8r3pu1bu7qNSu8ziK5IickDPikUtSI7ekThqEkUfyTF7Jm/PkvDjvzsd8tODkO4fkD5zPHy5NmNw=</latexit><latexit sha1_base64="PwjpniL+zxu6VNCVZkMBSdr1n58=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xt5pIle3vH7p4QQjob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFqeDauO63U1hZXVvfKG6WtrZ3dvfK+wdNnWSKYYMlIlHtEDQKLrFhuBHYThVCHApshcObqd96QKV5Iu/NKMUghr7kEWdgrNQtH/sCZF8g9UNQ1E81z5uayd1yxa26M9Bl4uWkQnLUu+Uvv5ewLEZpmACtO56bmmAMynAmcFLyM40psCH0sWOphBh1MJ7dMaGnVunRKFG2pKEz9ffGGGKtR3FoJ2MwA73oTcX/vE5moqtgzGWaGZRs/lCUCWoSOg2F9rhCZsTIEmCK279SNgAFzNjoSjYEb/HkZdI8r3pu1bu7qNSu8ziK5IickDPikUtSI7ekThqEkUfyTF7Jm/PkvDjvzsd8tODkO4fkD5zPHy5NmNw=</latexit><latexit sha1_base64="PwjpniL+zxu6VNCVZkMBSdr1n58=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xt5pIle3vH7p4QQjob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFqeDauO63U1hZXVvfKG6WtrZ3dvfK+wdNnWSKYYMlIlHtEDQKLrFhuBHYThVCHApshcObqd96QKV5Iu/NKMUghr7kEWdgrNQtH/sCZF8g9UNQ1E81z5uayd1yxa26M9Bl4uWkQnLUu+Uvv5ewLEZpmACtO56bmmAMynAmcFLyM40psCH0sWOphBh1MJ7dMaGnVunRKFG2pKEz9ffGGGKtR3FoJ2MwA73oTcX/vE5moqtgzGWaGZRs/lCUCWoSOg2F9rhCZsTIEmCK279SNgAFzNjoSjYEb/HkZdI8r3pu1bu7qNSu8ziK5IickDPikUtSI7ekThqEkUfyTF7Jm/PkvDjvzsd8tODkO4fkD5zPHy5NmNw=</latexit>

❖ This results in 9 pGB’s

❖ Their masses get pushed up to the cutoff of the theory via 
interactions with gluons

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit> )

<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

SU(3)diag
<latexit sha1_base64="qW0LuN3qcZYoe/gcJQoMopJnxYg="></latexit><latexit sha1_base64="qW0LuN3qcZYoe/gcJQoMopJnxYg="></latexit><latexit sha1_base64="qW0LuN3qcZYoe/gcJQoMopJnxYg="></latexit><latexit sha1_base64="qW0LuN3qcZYoe/gcJQoMopJnxYg="></latexit>

U(3)L ⇥ U(3)R ! U(3)V
<latexit sha1_base64="HLM6WzDWBjwhxvWDQ2w8GalK0ko=">AAACCHicbVC7TsMwFL3hWcorwMiARYVUlioBJBgrWBgYCiJtpTaKHNdprToP2Q5SFXVk4VdYGECIlU9g429w0wzQciRL5557r67P8RPOpLKsb2NhcWl5ZbW0Vl7f2NzaNnd2mzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w6tJv/VAhWRxdK9GCXVD3I9YwAhWWvLMA6d6euzdoK5iIZUor+50FU9p0zMrVs3KgeaJXZAKFGh45le3F5M0pJEiHEvZsa1EuRkWihFOx+VuKmmCyRD3aUfTCOuzbpYbGaMjrfRQEAv9IoVy9fdGhkMpR6GvJ0OsBnK2NxH/63VSFVy4GYuSVNGITA8FKUfa5yQV1GOCEsVHmmAimP4rIgMsMFE6u7IOwZ61PE+aJzXbqtm3Z5X6ZRFHCfbhEKpgwznU4Roa4ACBR3iGV3gznowX4934mI4uGMXOHvyB8fkD75CWug==</latexit><latexit sha1_base64="HLM6WzDWBjwhxvWDQ2w8GalK0ko=">AAACCHicbVC7TsMwFL3hWcorwMiARYVUlioBJBgrWBgYCiJtpTaKHNdprToP2Q5SFXVk4VdYGECIlU9g429w0wzQciRL5557r67P8RPOpLKsb2NhcWl5ZbW0Vl7f2NzaNnd2mzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w6tJv/VAhWRxdK9GCXVD3I9YwAhWWvLMA6d6euzdoK5iIZUor+50FU9p0zMrVs3KgeaJXZAKFGh45le3F5M0pJEiHEvZsa1EuRkWihFOx+VuKmmCyRD3aUfTCOuzbpYbGaMjrfRQEAv9IoVy9fdGhkMpR6GvJ0OsBnK2NxH/63VSFVy4GYuSVNGITA8FKUfa5yQV1GOCEsVHmmAimP4rIgMsMFE6u7IOwZ61PE+aJzXbqtm3Z5X6ZRFHCfbhEKpgwznU4Roa4ACBR3iGV3gznowX4934mI4uGMXOHvyB8fkD75CWug==</latexit><latexit sha1_base64="HLM6WzDWBjwhxvWDQ2w8GalK0ko=">AAACCHicbVC7TsMwFL3hWcorwMiARYVUlioBJBgrWBgYCiJtpTaKHNdprToP2Q5SFXVk4VdYGECIlU9g429w0wzQciRL5557r67P8RPOpLKsb2NhcWl5ZbW0Vl7f2NzaNnd2mzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w6tJv/VAhWRxdK9GCXVD3I9YwAhWWvLMA6d6euzdoK5iIZUor+50FU9p0zMrVs3KgeaJXZAKFGh45le3F5M0pJEiHEvZsa1EuRkWihFOx+VuKmmCyRD3aUfTCOuzbpYbGaMjrfRQEAv9IoVy9fdGhkMpR6GvJ0OsBnK2NxH/63VSFVy4GYuSVNGITA8FKUfa5yQV1GOCEsVHmmAimP4rIgMsMFE6u7IOwZ61PE+aJzXbqtm3Z5X6ZRFHCfbhEKpgwznU4Roa4ACBR3iGV3gznowX4934mI4uGMXOHvyB8fkD75CWug==</latexit><latexit sha1_base64="HLM6WzDWBjwhxvWDQ2w8GalK0ko=">AAACCHicbVC7TsMwFL3hWcorwMiARYVUlioBJBgrWBgYCiJtpTaKHNdprToP2Q5SFXVk4VdYGECIlU9g429w0wzQciRL5557r67P8RPOpLKsb2NhcWl5ZbW0Vl7f2NzaNnd2mzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w6tJv/VAhWRxdK9GCXVD3I9YwAhWWvLMA6d6euzdoK5iIZUor+50FU9p0zMrVs3KgeaJXZAKFGh45le3F5M0pJEiHEvZsa1EuRkWihFOx+VuKmmCyRD3aUfTCOuzbpYbGaMjrfRQEAv9IoVy9fdGhkMpR6GvJ0OsBnK2NxH/63VSFVy4GYuSVNGITA8FKUfa5yQV1GOCEsVHmmAimP4rIgMsMFE6u7IOwZ61PE+aJzXbqtm3Z5X6ZRFHCfbhEKpgwznU4Roa4ACBR3iGV3gznowX4934mI4uGMXOHvyB8fkD75CWug==</latexit>

9 = 8c + 1c
<latexit sha1_base64="rOLyx0EG9+Hs3JqHr9RlU4uz3lQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtkVwXoQil48VrAf0C5LNs22odlkTbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw6aWqSK0QSSXqh1iTTkTtGGY4bSdKIrjkNNWOLyb+q0RVZpJ8WjGCfVj3BcsYgQbK/nX6AZVA4LOkReQoFR2K+4MaJl4OSlDjnpQ+ur2JEljKgzhWOuO5ybGz7AyjHA6KXZTTRNMhrhPO5YKHFPtZ7OjJ+jUKj0USWVLGDRTf09kONZ6HIe2M8ZmoBe9qfif10lNVPUzJpLUUEHmi6KUIyPRNAHUY4oSw8eWYKKYvRWRAVaYGJtT0YbgLb68TJoXFc+teA+X5dptHkcBjuEEzsCDK6jBPdShAQSe4Ble4c0ZOS/Ou/Mxb11x8pkj+APn8wedxZAK</latexit><latexit sha1_base64="rOLyx0EG9+Hs3JqHr9RlU4uz3lQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtkVwXoQil48VrAf0C5LNs22odlkTbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw6aWqSK0QSSXqh1iTTkTtGGY4bSdKIrjkNNWOLyb+q0RVZpJ8WjGCfVj3BcsYgQbK/nX6AZVA4LOkReQoFR2K+4MaJl4OSlDjnpQ+ur2JEljKgzhWOuO5ybGz7AyjHA6KXZTTRNMhrhPO5YKHFPtZ7OjJ+jUKj0USWVLGDRTf09kONZ6HIe2M8ZmoBe9qfif10lNVPUzJpLUUEHmi6KUIyPRNAHUY4oSw8eWYKKYvRWRAVaYGJtT0YbgLb68TJoXFc+teA+X5dptHkcBjuEEzsCDK6jBPdShAQSe4Ble4c0ZOS/Ou/Mxb11x8pkj+APn8wedxZAK</latexit><latexit sha1_base64="rOLyx0EG9+Hs3JqHr9RlU4uz3lQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtkVwXoQil48VrAf0C5LNs22odlkTbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw6aWqSK0QSSXqh1iTTkTtGGY4bSdKIrjkNNWOLyb+q0RVZpJ8WjGCfVj3BcsYgQbK/nX6AZVA4LOkReQoFR2K+4MaJl4OSlDjnpQ+ur2JEljKgzhWOuO5ybGz7AyjHA6KXZTTRNMhrhPO5YKHFPtZ7OjJ+jUKj0USWVLGDRTf09kONZ6HIe2M8ZmoBe9qfif10lNVPUzJpLUUEHmi6KUIyPRNAHUY4oSw8eWYKKYvRWRAVaYGJtT0YbgLb68TJoXFc+teA+X5dptHkcBjuEEzsCDK6jBPdShAQSe4Ble4c0ZOS/Ou/Mxb11x8pkj+APn8wedxZAK</latexit><latexit sha1_base64="rOLyx0EG9+Hs3JqHr9RlU4uz3lQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtkVwXoQil48VrAf0C5LNs22odlkTbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw6aWqSK0QSSXqh1iTTkTtGGY4bSdKIrjkNNWOLyb+q0RVZpJ8WjGCfVj3BcsYgQbK/nX6AZVA4LOkReQoFR2K+4MaJl4OSlDjnpQ+ur2JEljKgzhWOuO5ybGz7AyjHA6KXZTTRNMhrhPO5YKHFPtZ7OjJ+jUKj0USWVLGDRTf09kONZ6HIe2M8ZmoBe9qfif10lNVPUzJpLUUEHmi6KUIyPRNAHUY4oSw8eWYKKYvRWRAVaYGJtT0YbgLb68TJoXFc+teA+X5dptHkcBjuEEzsCDK6jBPdShAQSe4Ble4c0ZOS/Ou/Mxb11x8pkj+APn8wedxZAK</latexit>
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❖ Prime Yukawa term is 
forbidden by the PQ 
symmetry
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❖ Model I had the leading order contribution suppressed by:

❖ No massless quarks 
charged under SU(3)0

<latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit>

Model II: Small Size Instanton Contribution
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❖ Model I had the subleading 
contribution suppressed by:

 
 

❖ Model II: the leading order 
contribution’s suppression
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<latexit sha1_base64="0NSj5aVOQr8P1heiz4hm6/YJ7lE="></latexit><latexit sha1_base64="0NSj5aVOQr8P1heiz4hm6/YJ7lE="></latexit><latexit sha1_base64="0NSj5aVOQr8P1heiz4hm6/YJ7lE="></latexit><latexit sha1_base64="0NSj5aVOQr8P1heiz4hm6/YJ7lE="></latexit>

Model II: Small Size Instanton Contribution
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Axion masses
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Low Energy Spectrum Summary

�79

Model 1 Model 2
❖ Axions ❖ Generally too 

heavy to 
produce at 
colliders

❖ One heavy, one light due 
to fermion suppression

❖ Exotic QCD 
colored 
“pions”

❖ Color octets
❖ Color triplets

❖ Color octets only

❖ Sterile neutrinos       , suppressed by           , basically invisible

 
 

 ⌫
<latexit sha1_base64="QzUcIKfBzkTkHLsBQdqFDPFd9I4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS10+N6Psq61drbt2dg6wSryA1KNDsV7/8QcKymCtkkhrT89wUg5xqFEzyacXPDE8pG9Mh71mqaMxNkM/vnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5dhdB3kQqUZcsUWi6JMEkzI7HkyEJozlBNLKNPC3krYiGrK0EZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQMJz/AKb86j8+K8Ox+L1pJTzBzDHzifPzR7kBA=</latexit><latexit sha1_base64="QzUcIKfBzkTkHLsBQdqFDPFd9I4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS10+N6Psq61drbt2dg6wSryA1KNDsV7/8QcKymCtkkhrT89wUg5xqFEzyacXPDE8pG9Mh71mqaMxNkM/vnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5dhdB3kQqUZcsUWi6JMEkzI7HkyEJozlBNLKNPC3krYiGrK0EZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQMJz/AKb86j8+K8Ox+L1pJTzBzDHzifPzR7kBA=</latexit><latexit sha1_base64="QzUcIKfBzkTkHLsBQdqFDPFd9I4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS10+N6Psq61drbt2dg6wSryA1KNDsV7/8QcKymCtkkhrT89wUg5xqFEzyacXPDE8pG9Mh71mqaMxNkM/vnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5dhdB3kQqUZcsUWi6JMEkzI7HkyEJozlBNLKNPC3krYiGrK0EZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQMJz/AKb86j8+K8Ox+L1pJTzBzDHzifPzR7kBA=</latexit><latexit sha1_base64="QzUcIKfBzkTkHLsBQdqFDPFd9I4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS10+N6Psq61drbt2dg6wSryA1KNDsV7/8QcKymCtkkhrT89wUg5xqFEzyacXPDE8pG9Mh71mqaMxNkM/vnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5dhdB3kQqUZcsUWi6JMEkzI7HkyEJozlBNLKNPC3krYiGrK0EZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQMJz/AKb86j8+K8Ox+L1pJTzBzDHzifPzR7kBA=</latexit>

⇤CUT
<latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit>

❖ Couplings ⇠ 1/⇤CUT
<latexit sha1_base64="9JOpVK3Nu8+7hb7j1N3sBZfN+sQ=">AAACIXicbVDLTgIxFO34RHyhLt10JCaucMaYSHRDZOPCBSYMkNBx0ikFGjqPtB0TMplfceOvuHGhMeyMP2MHWCh4kuaenHNv23v8mDOpLOvLWFldW9/YLGwVt3d29/ZLB4ctGSWCUIdEPBIdH0vKWUgdxRSnnVhQHPictv1RPffbT1RIFoVNNY6pG+BByPqMYKUlr1SFjymSLEAQmdDOkInMc2R6KbrXd/SwJlpBN/VpuXZmpZllRa9UtirWFHCZ2HNSBnM0vNIE9SKSBDRUhGMpu7YVKzfFQjHCaVZEiaQxJiM8oF1NQxxQ6abTDTN4qpUe7EdCn1DBqfp7IsWBlOPA150BVkO56OXif143Uf2qm7IwThQNyeyhfsKhimAeF+wxQYniY00wEUz/FZIhFpgoHWoegr248jJpXVRsq2I/XJZrt/M4CuAYnIAzYIMrUAN3oAEcQMAzeAXv4MN4Md6MT2Mya10x5jNH4A+M7x9DvZ/Y</latexit><latexit sha1_base64="9JOpVK3Nu8+7hb7j1N3sBZfN+sQ=">AAACIXicbVDLTgIxFO34RHyhLt10JCaucMaYSHRDZOPCBSYMkNBx0ikFGjqPtB0TMplfceOvuHGhMeyMP2MHWCh4kuaenHNv23v8mDOpLOvLWFldW9/YLGwVt3d29/ZLB4ctGSWCUIdEPBIdH0vKWUgdxRSnnVhQHPictv1RPffbT1RIFoVNNY6pG+BByPqMYKUlr1SFjymSLEAQmdDOkInMc2R6KbrXd/SwJlpBN/VpuXZmpZllRa9UtirWFHCZ2HNSBnM0vNIE9SKSBDRUhGMpu7YVKzfFQjHCaVZEiaQxJiM8oF1NQxxQ6abTDTN4qpUe7EdCn1DBqfp7IsWBlOPA150BVkO56OXif143Uf2qm7IwThQNyeyhfsKhimAeF+wxQYniY00wEUz/FZIhFpgoHWoegr248jJpXVRsq2I/XJZrt/M4CuAYnIAzYIMrUAN3oAEcQMAzeAXv4MN4Md6MT2Mya10x5jNH4A+M7x9DvZ/Y</latexit><latexit sha1_base64="9JOpVK3Nu8+7hb7j1N3sBZfN+sQ=">AAACIXicbVDLTgIxFO34RHyhLt10JCaucMaYSHRDZOPCBSYMkNBx0ikFGjqPtB0TMplfceOvuHGhMeyMP2MHWCh4kuaenHNv23v8mDOpLOvLWFldW9/YLGwVt3d29/ZLB4ctGSWCUIdEPBIdH0vKWUgdxRSnnVhQHPictv1RPffbT1RIFoVNNY6pG+BByPqMYKUlr1SFjymSLEAQmdDOkInMc2R6KbrXd/SwJlpBN/VpuXZmpZllRa9UtirWFHCZ2HNSBnM0vNIE9SKSBDRUhGMpu7YVKzfFQjHCaVZEiaQxJiM8oF1NQxxQ6abTDTN4qpUe7EdCn1DBqfp7IsWBlOPA150BVkO56OXif143Uf2qm7IwThQNyeyhfsKhimAeF+wxQYniY00wEUz/FZIhFpgoHWoegr248jJpXVRsq2I/XJZrt/M4CuAYnIAzYIMrUAN3oAEcQMAzeAXv4MN4Md6MT2Mya10x5jNH4A+M7x9DvZ/Y</latexit><latexit sha1_base64="9JOpVK3Nu8+7hb7j1N3sBZfN+sQ=">AAACIXicbVDLTgIxFO34RHyhLt10JCaucMaYSHRDZOPCBSYMkNBx0ikFGjqPtB0TMplfceOvuHGhMeyMP2MHWCh4kuaenHNv23v8mDOpLOvLWFldW9/YLGwVt3d29/ZLB4ctGSWCUIdEPBIdH0vKWUgdxRSnnVhQHPictv1RPffbT1RIFoVNNY6pG+BByPqMYKUlr1SFjymSLEAQmdDOkInMc2R6KbrXd/SwJlpBN/VpuXZmpZllRa9UtirWFHCZ2HNSBnM0vNIE9SKSBDRUhGMpu7YVKzfFQjHCaVZEiaQxJiM8oF1NQxxQ6abTDTN4qpUe7EdCn1DBqfp7IsWBlOPA150BVkO56OXif143Uf2qm7IwThQNyeyhfsKhimAeF+wxQYniY00wEUz/FZIhFpgoHWoegr248jJpXVRsq2I/XJZrt/M4CuAYnIAzYIMrUAN3oAEcQMAzeAXv4MN4Md6MT2Mya10x5jNH4A+M7x9DvZ/Y</latexit>

⇠ 1/⇤CUT
<latexit sha1_base64="9JOpVK3Nu8+7hb7j1N3sBZfN+sQ=">AAACIXicbVDLTgIxFO34RHyhLt10JCaucMaYSHRDZOPCBSYMkNBx0ikFGjqPtB0TMplfceOvuHGhMeyMP2MHWCh4kuaenHNv23v8mDOpLOvLWFldW9/YLGwVt3d29/ZLB4ctGSWCUIdEPBIdH0vKWUgdxRSnnVhQHPictv1RPffbT1RIFoVNNY6pG+BByPqMYKUlr1SFjymSLEAQmdDOkInMc2R6KbrXd/SwJlpBN/VpuXZmpZllRa9UtirWFHCZ2HNSBnM0vNIE9SKSBDRUhGMpu7YVKzfFQjHCaVZEiaQxJiM8oF1NQxxQ6abTDTN4qpUe7EdCn1DBqfp7IsWBlOPA150BVkO56OXif143Uf2qm7IwThQNyeyhfsKhimAeF+wxQYniY00wEUz/FZIhFpgoHWoegr248jJpXVRsq2I/XJZrt/M4CuAYnIAzYIMrUAN3oAEcQMAzeAXv4MN4Md6MT2Mya10x5jNH4A+M7x9DvZ/Y</latexit><latexit sha1_base64="9JOpVK3Nu8+7hb7j1N3sBZfN+sQ=">AAACIXicbVDLTgIxFO34RHyhLt10JCaucMaYSHRDZOPCBSYMkNBx0ikFGjqPtB0TMplfceOvuHGhMeyMP2MHWCh4kuaenHNv23v8mDOpLOvLWFldW9/YLGwVt3d29/ZLB4ctGSWCUIdEPBIdH0vKWUgdxRSnnVhQHPictv1RPffbT1RIFoVNNY6pG+BByPqMYKUlr1SFjymSLEAQmdDOkInMc2R6KbrXd/SwJlpBN/VpuXZmpZllRa9UtirWFHCZ2HNSBnM0vNIE9SKSBDRUhGMpu7YVKzfFQjHCaVZEiaQxJiM8oF1NQxxQ6abTDTN4qpUe7EdCn1DBqfp7IsWBlOPA150BVkO56OXif143Uf2qm7IwThQNyeyhfsKhimAeF+wxQYniY00wEUz/FZIhFpgoHWoegr248jJpXVRsq2I/XJZrt/M4CuAYnIAzYIMrUAN3oAEcQMAzeAXv4MN4Md6MT2Mya10x5jNH4A+M7x9DvZ/Y</latexit><latexit sha1_base64="9JOpVK3Nu8+7hb7j1N3sBZfN+sQ=">AAACIXicbVDLTgIxFO34RHyhLt10JCaucMaYSHRDZOPCBSYMkNBx0ikFGjqPtB0TMplfceOvuHGhMeyMP2MHWCh4kuaenHNv23v8mDOpLOvLWFldW9/YLGwVt3d29/ZLB4ctGSWCUIdEPBIdH0vKWUgdxRSnnVhQHPictv1RPffbT1RIFoVNNY6pG+BByPqMYKUlr1SFjymSLEAQmdDOkInMc2R6KbrXd/SwJlpBN/VpuXZmpZllRa9UtirWFHCZ2HNSBnM0vNIE9SKSBDRUhGMpu7YVKzfFQjHCaVZEiaQxJiM8oF1NQxxQ6abTDTN4qpUe7EdCn1DBqfp7IsWBlOPA150BVkO56OXif143Uf2qm7IwThQNyeyhfsKhimAeF+wxQYniY00wEUz/FZIhFpgoHWoegr248jJpXVRsq2I/XJZrt/M4CuAYnIAzYIMrUAN3oAEcQMAzeAXv4MN4Md6MT2Mya10x5jNH4A+M7x9DvZ/Y</latexit><latexit sha1_base64="9JOpVK3Nu8+7hb7j1N3sBZfN+sQ=">AAACIXicbVDLTgIxFO34RHyhLt10JCaucMaYSHRDZOPCBSYMkNBx0ikFGjqPtB0TMplfceOvuHGhMeyMP2MHWCh4kuaenHNv23v8mDOpLOvLWFldW9/YLGwVt3d29/ZLB4ctGSWCUIdEPBIdH0vKWUgdxRSnnVhQHPictv1RPffbT1RIFoVNNY6pG+BByPqMYKUlr1SFjymSLEAQmdDOkInMc2R6KbrXd/SwJlpBN/VpuXZmpZllRa9UtirWFHCZ2HNSBnM0vNIE9SKSBDRUhGMpu7YVKzfFQjHCaVZEiaQxJiM8oF1NQxxQ6abTDTN4qpUe7EdCn1DBqfp7IsWBlOPA150BVkO56OXif143Uf2qm7IwThQNyeyhfsKhimAeF+wxQYniY00wEUz/FZIhFpgoHWoegr248jJpXVRsq2I/XJZrt/M4CuAYnIAzYIMrUAN3oAEcQMAzeAXv4MN4Md6MT2Mya10x5jNH4A+M7x9DvZ/Y</latexit>
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Check in: Solution to the Strong CP Problem from the 
Low-E EFT
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❖ The CP-Conserving minimum is
⌧
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<latexit sha1_base64="6yFFv5WEOPBfRSM6KoKsgLIwPKc="></latexit><latexit sha1_base64="6yFFv5WEOPBfRSM6KoKsgLIwPKc="></latexit><latexit sha1_base64="6yFFv5WEOPBfRSM6KoKsgLIwPKc="></latexit><latexit sha1_base64="6yFFv5WEOPBfRSM6KoKsgLIwPKc="></latexit>

❖ Rewriting with the axion fields expanded about their minima:
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<latexit sha1_base64="CTn2iYV4jagDOVwrbYqvRD5GMlE="></latexit><latexit sha1_base64="CTn2iYV4jagDOVwrbYqvRD5GMlE="></latexit><latexit sha1_base64="CTn2iYV4jagDOVwrbYqvRD5GMlE="></latexit><latexit sha1_base64="CTn2iYV4jagDOVwrbYqvRD5GMlE="></latexit>
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<latexit sha1_base64="4qEbvgHbapUDBXwjJP7kIFGHahc="></latexit><latexit sha1_base64="4qEbvgHbapUDBXwjJP7kIFGHahc="></latexit><latexit sha1_base64="4qEbvgHbapUDBXwjJP7kIFGHahc="></latexit><latexit sha1_base64="4qEbvgHbapUDBXwjJP7kIFGHahc="></latexit>
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<latexit sha1_base64="4qEbvgHbapUDBXwjJP7kIFGHahc="></latexit><latexit sha1_base64="4qEbvgHbapUDBXwjJP7kIFGHahc="></latexit><latexit sha1_base64="4qEbvgHbapUDBXwjJP7kIFGHahc="></latexit><latexit sha1_base64="4qEbvgHbapUDBXwjJP7kIFGHahc="></latexit>
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<latexit sha1_base64="vKOJ7AyKrRwnjpzJxaIyD7Ul2ww="></latexit><latexit sha1_base64="vKOJ7AyKrRwnjpzJxaIyD7Ul2ww="></latexit><latexit sha1_base64="vKOJ7AyKrRwnjpzJxaIyD7Ul2ww="></latexit><latexit sha1_base64="vKOJ7AyKrRwnjpzJxaIyD7Ul2ww="></latexit>
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<latexit sha1_base64="BvNyRh07guEtsMeu0iXVVOnbO4Y=">AAACInicbVDNS8MwHE3n15xfVY9egkPwNFpR1IMw9eJxgvuAtZY0S7e4pC1JKozSv8WL/4oXD4p6EvxjTGsPuvkg8Hjv/ZL8nh8zKpVlfRqVufmFxaXqcm1ldW19w9zc6sgoEZi0ccQi0fORJIyGpK2oYqQXC4K4z0jXH1/mfveeCEmj8EZNYuJyNAxpQDFSWvLM0zsvdfCIeufZrcMTeAadSOfz6wo9g84QcY4Ks6RHsJgw61bDKgBniV2SOijR8sx3ZxDhhJNQYYak7NtWrNwUCUUxI1nNSSSJER6jIelrGiJOpJsWK2ZwTysDGERCn1DBQv09kSIu5YT7OsmRGslpLxf/8/qJCk7clIZxokiIfx4KEgZVBPO+4IAKghWbaIKwoPqvEI+QQFjpVmu6BHt65VnSOWjYVsO+Pqw3L8o6qmAH7IJ9YINj0ARXoAXaAIMH8ARewKvxaDwbb8bHT7RilDPb4A+Mr29CiKQU</latexit><latexit sha1_base64="BvNyRh07guEtsMeu0iXVVOnbO4Y=">AAACInicbVDNS8MwHE3n15xfVY9egkPwNFpR1IMw9eJxgvuAtZY0S7e4pC1JKozSv8WL/4oXD4p6EvxjTGsPuvkg8Hjv/ZL8nh8zKpVlfRqVufmFxaXqcm1ldW19w9zc6sgoEZi0ccQi0fORJIyGpK2oYqQXC4K4z0jXH1/mfveeCEmj8EZNYuJyNAxpQDFSWvLM0zsvdfCIeufZrcMTeAadSOfz6wo9g84QcY4Ks6RHsJgw61bDKgBniV2SOijR8sx3ZxDhhJNQYYak7NtWrNwUCUUxI1nNSSSJER6jIelrGiJOpJsWK2ZwTysDGERCn1DBQv09kSIu5YT7OsmRGslpLxf/8/qJCk7clIZxokiIfx4KEgZVBPO+4IAKghWbaIKwoPqvEI+QQFjpVmu6BHt65VnSOWjYVsO+Pqw3L8o6qmAH7IJ9YINj0ARXoAXaAIMH8ARewKvxaDwbb8bHT7RilDPb4A+Mr29CiKQU</latexit><latexit sha1_base64="BvNyRh07guEtsMeu0iXVVOnbO4Y=">AAACInicbVDNS8MwHE3n15xfVY9egkPwNFpR1IMw9eJxgvuAtZY0S7e4pC1JKozSv8WL/4oXD4p6EvxjTGsPuvkg8Hjv/ZL8nh8zKpVlfRqVufmFxaXqcm1ldW19w9zc6sgoEZi0ccQi0fORJIyGpK2oYqQXC4K4z0jXH1/mfveeCEmj8EZNYuJyNAxpQDFSWvLM0zsvdfCIeufZrcMTeAadSOfz6wo9g84QcY4Ks6RHsJgw61bDKgBniV2SOijR8sx3ZxDhhJNQYYak7NtWrNwUCUUxI1nNSSSJER6jIelrGiJOpJsWK2ZwTysDGERCn1DBQv09kSIu5YT7OsmRGslpLxf/8/qJCk7clIZxokiIfx4KEgZVBPO+4IAKghWbaIKwoPqvEI+QQFjpVmu6BHt65VnSOWjYVsO+Pqw3L8o6qmAH7IJ9YINj0ARXoAXaAIMH8ARewKvxaDwbb8bHT7RilDPb4A+Mr29CiKQU</latexit><latexit sha1_base64="BvNyRh07guEtsMeu0iXVVOnbO4Y=">AAACInicbVDNS8MwHE3n15xfVY9egkPwNFpR1IMw9eJxgvuAtZY0S7e4pC1JKozSv8WL/4oXD4p6EvxjTGsPuvkg8Hjv/ZL8nh8zKpVlfRqVufmFxaXqcm1ldW19w9zc6sgoEZi0ccQi0fORJIyGpK2oYqQXC4K4z0jXH1/mfveeCEmj8EZNYuJyNAxpQDFSWvLM0zsvdfCIeufZrcMTeAadSOfz6wo9g84QcY4Ks6RHsJgw61bDKgBniV2SOijR8sx3ZxDhhJNQYYak7NtWrNwUCUUxI1nNSSSJER6jIelrGiJOpJsWK2ZwTysDGERCn1DBQv09kSIu5YT7OsmRGslpLxf/8/qJCk7clIZxokiIfx4KEgZVBPO+4IAKghWbaIKwoPqvEI+QQFjpVmu6BHt65VnSOWjYVsO+Pqw3L8o6qmAH7IJ9YINj0ARXoAXaAIMH8ARewKvxaDwbb8bHT7RilDPb4A+Mr29CiKQU</latexit>

jµ A
=  �µ�5t9 

<latexit sha1_base64="AU/4O2SPDoRUXN3szweYTOYu8pQ=">AAACJ3icbVDNS8MwHE3n15xfVY9egkPwNFpR1IMy9eJxgvuAtStplm1xSVuSVBil/40X/xUvgoro0f/EtOtBpw8Cj/feL8nv+RGjUlnWp1Gam19YXCovV1ZW19Y3zM2tlgxjgUkThywUHR9JwmhAmooqRjqRIIj7jLT98VXmt++JkDQMbtUkIi5Hw4AOKEZKS555fuclTiSpd5H2HB7DM+iEOp9dl+spdIaIc5SbBT2CqncKMxd6ZtWqWTngX2IXpAoKNDzzxemHOOYkUJghKbu2FSk3QUJRzEhacWJJIoTHaEi6mgaIE+km+Z4p3NNKHw5CoU+gYK7+nEgQl3LCfZ3kSI3krJeJ/3ndWA1O3IQGUaxIgKcPDWIGVQiz0mCfCoIVm2iCsKD6rxCPkEBY6WorugR7duW/pHVQs62afXNYrV8WdZTBDtgF+8AGx6AOrkEDNAEGD+AJvII349F4Nt6Nj2m0ZBQz2+AXjK9v1T6l2Q==</latexit><latexit sha1_base64="AU/4O2SPDoRUXN3szweYTOYu8pQ=">AAACJ3icbVDNS8MwHE3n15xfVY9egkPwNFpR1IMy9eJxgvuAtStplm1xSVuSVBil/40X/xUvgoro0f/EtOtBpw8Cj/feL8nv+RGjUlnWp1Gam19YXCovV1ZW19Y3zM2tlgxjgUkThywUHR9JwmhAmooqRjqRIIj7jLT98VXmt++JkDQMbtUkIi5Hw4AOKEZKS555fuclTiSpd5H2HB7DM+iEOp9dl+spdIaIc5SbBT2CqncKMxd6ZtWqWTngX2IXpAoKNDzzxemHOOYkUJghKbu2FSk3QUJRzEhacWJJIoTHaEi6mgaIE+km+Z4p3NNKHw5CoU+gYK7+nEgQl3LCfZ3kSI3krJeJ/3ndWA1O3IQGUaxIgKcPDWIGVQiz0mCfCoIVm2iCsKD6rxCPkEBY6WorugR7duW/pHVQs62afXNYrV8WdZTBDtgF+8AGx6AOrkEDNAEGD+AJvII349F4Nt6Nj2m0ZBQz2+AXjK9v1T6l2Q==</latexit><latexit sha1_base64="AU/4O2SPDoRUXN3szweYTOYu8pQ=">AAACJ3icbVDNS8MwHE3n15xfVY9egkPwNFpR1IMy9eJxgvuAtStplm1xSVuSVBil/40X/xUvgoro0f/EtOtBpw8Cj/feL8nv+RGjUlnWp1Gam19YXCovV1ZW19Y3zM2tlgxjgUkThywUHR9JwmhAmooqRjqRIIj7jLT98VXmt++JkDQMbtUkIi5Hw4AOKEZKS555fuclTiSpd5H2HB7DM+iEOp9dl+spdIaIc5SbBT2CqncKMxd6ZtWqWTngX2IXpAoKNDzzxemHOOYkUJghKbu2FSk3QUJRzEhacWJJIoTHaEi6mgaIE+km+Z4p3NNKHw5CoU+gYK7+nEgQl3LCfZ3kSI3krJeJ/3ndWA1O3IQGUaxIgKcPDWIGVQiz0mCfCoIVm2iCsKD6rxCPkEBY6WorugR7duW/pHVQs62afXNYrV8WdZTBDtgF+8AGx6AOrkEDNAEGD+AJvII349F4Nt6Nj2m0ZBQz2+AXjK9v1T6l2Q==</latexit><latexit sha1_base64="AU/4O2SPDoRUXN3szweYTOYu8pQ=">AAACJ3icbVDNS8MwHE3n15xfVY9egkPwNFpR1IMy9eJxgvuAtStplm1xSVuSVBil/40X/xUvgoro0f/EtOtBpw8Cj/feL8nv+RGjUlnWp1Gam19YXCovV1ZW19Y3zM2tlgxjgUkThywUHR9JwmhAmooqRjqRIIj7jLT98VXmt++JkDQMbtUkIi5Hw4AOKEZKS555fuclTiSpd5H2HB7DM+iEOp9dl+spdIaIc5SbBT2CqncKMxd6ZtWqWTngX2IXpAoKNDzzxemHOOYkUJghKbu2FSk3QUJRzEhacWJJIoTHaEi6mgaIE+km+Z4p3NNKHw5CoU+gYK7+nEgQl3LCfZ3kSI3krJeJ/3ndWA1O3IQGUaxIgKcPDWIGVQiz0mCfCoIVm2iCsKD6rxCPkEBY6WorugR7duW/pHVQs62afXNYrV8WdZTBDtgF+8AGx6AOrkEDNAEGD+AJvII349F4Nt6Nj2m0ZBQz2+AXjK9v1T6l2Q==</latexit>

⌘ fd @
µ⌘0�

<latexit sha1_base64="PRHdLWElPyILUUcHhJ4hsMzneQE=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRdSElE0GXRjcsK9gFNDJPpTTt08nBmUiihX+DGX3HjQhG3rt35N07aLLT1wIXDOffO3Hv8hDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WjFNBoUljHouOTyRwFkFTMcWhkwggoc+h7Q+vc789AiFZHN2pcQJuSPoRCxglSkueWXXgIWUjHHg97JxiJyFCMcLvnTDFDihy7Dl0wDyzYtWsKfAisQtSQQUanvnl9GKahhApyomUXdtKlJvlj1MOk7KTSkgIHZI+dDWNSAjSzabnTHBVKz0cxEJXpPBU/T2RkVDKcejrzpCogZz3cvE/r5uq4NLNWJSkCiI6+yhIOVYxzrPBPSaAKj7WhFDB9K6YDoggVOkEyzoEe/7kRdI6q9lWzb49r9SvijhK6BAdoRNkowtURzeogZqIokf0jF7Rm/FkvBjvxsesdckoZg7QHxifP/BFm2U=</latexit><latexit sha1_base64="PRHdLWElPyILUUcHhJ4hsMzneQE=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRdSElE0GXRjcsK9gFNDJPpTTt08nBmUiihX+DGX3HjQhG3rt35N07aLLT1wIXDOffO3Hv8hDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WjFNBoUljHouOTyRwFkFTMcWhkwggoc+h7Q+vc789AiFZHN2pcQJuSPoRCxglSkueWXXgIWUjHHg97JxiJyFCMcLvnTDFDihy7Dl0wDyzYtWsKfAisQtSQQUanvnl9GKahhApyomUXdtKlJvlj1MOk7KTSkgIHZI+dDWNSAjSzabnTHBVKz0cxEJXpPBU/T2RkVDKcejrzpCogZz3cvE/r5uq4NLNWJSkCiI6+yhIOVYxzrPBPSaAKj7WhFDB9K6YDoggVOkEyzoEe/7kRdI6q9lWzb49r9SvijhK6BAdoRNkowtURzeogZqIokf0jF7Rm/FkvBjvxsesdckoZg7QHxifP/BFm2U=</latexit><latexit sha1_base64="PRHdLWElPyILUUcHhJ4hsMzneQE=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRdSElE0GXRjcsK9gFNDJPpTTt08nBmUiihX+DGX3HjQhG3rt35N07aLLT1wIXDOffO3Hv8hDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WjFNBoUljHouOTyRwFkFTMcWhkwggoc+h7Q+vc789AiFZHN2pcQJuSPoRCxglSkueWXXgIWUjHHg97JxiJyFCMcLvnTDFDihy7Dl0wDyzYtWsKfAisQtSQQUanvnl9GKahhApyomUXdtKlJvlj1MOk7KTSkgIHZI+dDWNSAjSzabnTHBVKz0cxEJXpPBU/T2RkVDKcejrzpCogZz3cvE/r5uq4NLNWJSkCiI6+yhIOVYxzrPBPSaAKj7WhFDB9K6YDoggVOkEyzoEe/7kRdI6q9lWzb49r9SvijhK6BAdoRNkowtURzeogZqIokf0jF7Rm/FkvBjvxsesdckoZg7QHxifP/BFm2U=</latexit><latexit sha1_base64="PRHdLWElPyILUUcHhJ4hsMzneQE=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRdSElE0GXRjcsK9gFNDJPpTTt08nBmUiihX+DGX3HjQhG3rt35N07aLLT1wIXDOffO3Hv8hDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WjFNBoUljHouOTyRwFkFTMcWhkwggoc+h7Q+vc789AiFZHN2pcQJuSPoRCxglSkueWXXgIWUjHHg97JxiJyFCMcLvnTDFDihy7Dl0wDyzYtWsKfAisQtSQQUanvnl9GKahhApyomUXdtKlJvlj1MOk7KTSkgIHZI+dDWNSAjSzabnTHBVKz0cxEJXpPBU/T2RkVDKcejrzpCogZz3cvE/r5uq4NLNWJSkCiI6+yhIOVYxzrPBPSaAKj7WhFDB9K6YDoggVOkEyzoEe/7kRdI6q9lWzb49r9SvijhK6BAdoRNkowtURzeogZqIokf0jF7Rm/FkvBjvxsesdckoZg7QHxifP/BFm2U=</latexit>

⌘ fd @
µ⌘0 

<latexit sha1_base64="Br/XZXwoqR4LWzSFzkXZHgsKJq8=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRdSElE0GXRjcsK9gFNDJPJTTt08nBmUiilX+DGX3HjQhG3rt35N07aLLT1wIXDOffO3Hv8lDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WTDJBoUkTnoiOTyRwFkNTMcWhkwogkc+h7Q+uc789BCFZEt+pUQpuRHoxCxklSkueWXXgIWNDHHoBdk6xkxKhGOH3TpRhBxQ59pxUMs+sWDVrCrxI7IJUUIGGZ345QUKzCGJFOZGya1upcsf545TDpOxkElJCB6QHXU1jEoF0x9NzJriqlQCHidAVKzxVf0+MSSTlKPJ1Z0RUX857ufif181UeOmOWZxmCmI6+yjMOFYJzrPBARNAFR9pQqhgeldM+0QQqnSCZR2CPX/yImmd1WyrZt+eV+pXRRwldIiO0Amy0QWqoxvUQE1E0SN6Rq/ozXgyXox342PWumQUMwfoD4zPHxTZm30=</latexit><latexit sha1_base64="Br/XZXwoqR4LWzSFzkXZHgsKJq8=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRdSElE0GXRjcsK9gFNDJPJTTt08nBmUiilX+DGX3HjQhG3rt35N07aLLT1wIXDOffO3Hv8lDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WTDJBoUkTnoiOTyRwFkNTMcWhkwogkc+h7Q+uc789BCFZEt+pUQpuRHoxCxklSkueWXXgIWNDHHoBdk6xkxKhGOH3TpRhBxQ59pxUMs+sWDVrCrxI7IJUUIGGZ345QUKzCGJFOZGya1upcsf545TDpOxkElJCB6QHXU1jEoF0x9NzJriqlQCHidAVKzxVf0+MSSTlKPJ1Z0RUX857ufif181UeOmOWZxmCmI6+yjMOFYJzrPBARNAFR9pQqhgeldM+0QQqnSCZR2CPX/yImmd1WyrZt+eV+pXRRwldIiO0Amy0QWqoxvUQE1E0SN6Rq/ozXgyXox342PWumQUMwfoD4zPHxTZm30=</latexit><latexit sha1_base64="Br/XZXwoqR4LWzSFzkXZHgsKJq8=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRdSElE0GXRjcsK9gFNDJPJTTt08nBmUiilX+DGX3HjQhG3rt35N07aLLT1wIXDOffO3Hv8lDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WTDJBoUkTnoiOTyRwFkNTMcWhkwogkc+h7Q+uc789BCFZEt+pUQpuRHoxCxklSkueWXXgIWNDHHoBdk6xkxKhGOH3TpRhBxQ59pxUMs+sWDVrCrxI7IJUUIGGZ345QUKzCGJFOZGya1upcsf545TDpOxkElJCB6QHXU1jEoF0x9NzJriqlQCHidAVKzxVf0+MSSTlKPJ1Z0RUX857ufif181UeOmOWZxmCmI6+yjMOFYJzrPBARNAFR9pQqhgeldM+0QQqnSCZR2CPX/yImmd1WyrZt+eV+pXRRwldIiO0Amy0QWqoxvUQE1E0SN6Rq/ozXgyXox342PWumQUMwfoD4zPHxTZm30=</latexit><latexit sha1_base64="Br/XZXwoqR4LWzSFzkXZHgsKJq8=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRdSElE0GXRjcsK9gFNDJPJTTt08nBmUiilX+DGX3HjQhG3rt35N07aLLT1wIXDOffO3Hv8lDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WTDJBoUkTnoiOTyRwFkNTMcWhkwogkc+h7Q+uc789BCFZEt+pUQpuRHoxCxklSkueWXXgIWNDHHoBdk6xkxKhGOH3TpRhBxQ59pxUMs+sWDVrCrxI7IJUUIGGZ345QUKzCGJFOZGya1upcsf545TDpOxkElJCB6QHXU1jEoF0x9NzJriqlQCHidAVKzxVf0+MSSTlKPJ1Z0RUX857ufif181UeOmOWZxmCmI6+yjMOFYJzrPBARNAFR9pQqhgeldM+0QQqnSCZR2CPX/yImmd1WyrZt+eV+pXRRwldIiO0Amy0QWqoxvUQE1E0SN6Rq/ozXgyXox342PWumQUMwfoD4zPHxTZm30=</latexit>

⇤diag  4⇡fd
<latexit sha1_base64="mN0QnK79zJqYiqnGtCMzdcbYXkY=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFhEMA/IhmV29m4yZPbhzF0xLGlt/BUbC0Vs/QM7/8bJo9DEAwOHc87lzj1+KoVG2/62CkvLK6trxfXSxubW9k55d6+pk0xxaPBEJqrtMw1SxNBAgRLaqQIW+RJa/uBy7LfuQWmRxLc4TKEbsV4sQsEZGskrU/fahAPmuQgPmAeC9UauhDt66qaChl7glSt21Z6ALhJnRipkhrpX/nKDhGcRxMgl07rj2Cl2c6ZQcAmjkptpSBkfsB50DI1ZBLqbTy4Z0SOjBDRMlHkx0on6eyJnkdbDyDfJiGFfz3tj8T+vk2F43s1FnGYIMZ8uCjNJMaHjWmggFHCUQ0MYV8L8lfI+U4yjKa9kSnDmT14kzZOqY1edm9NK7WJWR5EckENyTBxyRmrkitRJg3DySJ7JK3mznqwX6936mEYL1mxmn/yB9fkDPtaaBQ==</latexit><latexit sha1_base64="mN0QnK79zJqYiqnGtCMzdcbYXkY=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFhEMA/IhmV29m4yZPbhzF0xLGlt/BUbC0Vs/QM7/8bJo9DEAwOHc87lzj1+KoVG2/62CkvLK6trxfXSxubW9k55d6+pk0xxaPBEJqrtMw1SxNBAgRLaqQIW+RJa/uBy7LfuQWmRxLc4TKEbsV4sQsEZGskrU/fahAPmuQgPmAeC9UauhDt66qaChl7glSt21Z6ALhJnRipkhrpX/nKDhGcRxMgl07rj2Cl2c6ZQcAmjkptpSBkfsB50DI1ZBLqbTy4Z0SOjBDRMlHkx0on6eyJnkdbDyDfJiGFfz3tj8T+vk2F43s1FnGYIMZ8uCjNJMaHjWmggFHCUQ0MYV8L8lfI+U4yjKa9kSnDmT14kzZOqY1edm9NK7WJWR5EckENyTBxyRmrkitRJg3DySJ7JK3mznqwX6936mEYL1mxmn/yB9fkDPtaaBQ==</latexit><latexit sha1_base64="mN0QnK79zJqYiqnGtCMzdcbYXkY=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFhEMA/IhmV29m4yZPbhzF0xLGlt/BUbC0Vs/QM7/8bJo9DEAwOHc87lzj1+KoVG2/62CkvLK6trxfXSxubW9k55d6+pk0xxaPBEJqrtMw1SxNBAgRLaqQIW+RJa/uBy7LfuQWmRxLc4TKEbsV4sQsEZGskrU/fahAPmuQgPmAeC9UauhDt66qaChl7glSt21Z6ALhJnRipkhrpX/nKDhGcRxMgl07rj2Cl2c6ZQcAmjkptpSBkfsB50DI1ZBLqbTy4Z0SOjBDRMlHkx0on6eyJnkdbDyDfJiGFfz3tj8T+vk2F43s1FnGYIMZ8uCjNJMaHjWmggFHCUQ0MYV8L8lfI+U4yjKa9kSnDmT14kzZOqY1edm9NK7WJWR5EckENyTBxyRmrkitRJg3DySJ7JK3mznqwX6936mEYL1mxmn/yB9fkDPtaaBQ==</latexit><latexit sha1_base64="mN0QnK79zJqYiqnGtCMzdcbYXkY=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWFhEMA/IhmV29m4yZPbhzF0xLGlt/BUbC0Vs/QM7/8bJo9DEAwOHc87lzj1+KoVG2/62CkvLK6trxfXSxubW9k55d6+pk0xxaPBEJqrtMw1SxNBAgRLaqQIW+RJa/uBy7LfuQWmRxLc4TKEbsV4sQsEZGskrU/fahAPmuQgPmAeC9UauhDt66qaChl7glSt21Z6ALhJnRipkhrpX/nKDhGcRxMgl07rj2Cl2c6ZQcAmjkptpSBkfsB50DI1ZBLqbTy4Z0SOjBDRMlHkx0on6eyJnkdbDyDfJiGFfz3tj8T+vk2F43s1FnGYIMZ8uCjNJMaHjWmggFHCUQ0MYV8L8lfI+U4yjKa9kSnDmT14kzZOqY1edm9NK7WJWR5EckENyTBxyRmrkitRJg3DySJ7JK3mznqwX6936mEYL1mxmn/yB9fkDPtaaBQ==</latexit>

❖       is the pGB scale:fd
<latexit sha1_base64="SnhPmqHTB79il6YnCZ73CjY6ebk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6iAbhoFpz6+4cZJV4BalBgeag+tUPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMR1iz1JJY9R+Pj91Ss6sEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az2QjcE=</latexit><latexit sha1_base64="SnhPmqHTB79il6YnCZ73CjY6ebk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6iAbhoFpz6+4cZJV4BalBgeag+tUPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMR1iz1JJY9R+Pj91Ss6sEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az2QjcE=</latexit><latexit sha1_base64="SnhPmqHTB79il6YnCZ73CjY6ebk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6iAbhoFpz6+4cZJV4BalBgeag+tUPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMR1iz1JJY9R+Pj91Ss6sEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az2QjcE=</latexit><latexit sha1_base64="SnhPmqHTB79il6YnCZ73CjY6ebk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6iAbhoFpz6+4cZJV4BalBgeag+tUPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMR1iz1JJY9R+Pj91Ss6sEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az2QjcE=</latexit>

❖ The associated currents for the QCD singlets are:
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<latexit sha1_base64="8E2vqHNoBWBqvGiXRLYKcHlKakA=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgupCRWfCyEohuXFewDmlom00k7dPJw5kYoIR/ixl9x40IRNy4E/8ZJm4W2HrhwOOde7r3HjQRXYFnfxtz8wuLScmGluLq2vrFpbm03VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHV5nffGBS8TC4hVHEOj7pB9zjlICWumYF7s7xBXY8SWhip4mj7iUkJ2mKnUPsuB62uwl2pI8rDnCfKVxJi12zZJWtMfAssXNSQjlqXfPT6YU09lkAVBCl2rYVQSchEjgVLC06sWIRoUPSZ21NA6IXdZLxcyne10oPe6HUFQAeq78nEuIrNfJd3ekTGKhpLxP/89oxeGedhAdRDCygk0VeLDCEOEsK97hkFMRIE0Il17diOiA6J9B5ZiHY0y/PksZR2bbK9s1xqXqZx1FAu2gPHSAbnaIqukY1VEcUPaJn9IrejCfjxXg3Piatc0Y+s4P+wPj6AYE6n7s=</latexit><latexit sha1_base64="8E2vqHNoBWBqvGiXRLYKcHlKakA=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgupCRWfCyEohuXFewDmlom00k7dPJw5kYoIR/ixl9x40IRNy4E/8ZJm4W2HrhwOOde7r3HjQRXYFnfxtz8wuLScmGluLq2vrFpbm03VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHV5nffGBS8TC4hVHEOj7pB9zjlICWumYF7s7xBXY8SWhip4mj7iUkJ2mKnUPsuB62uwl2pI8rDnCfKVxJi12zZJWtMfAssXNSQjlqXfPT6YU09lkAVBCl2rYVQSchEjgVLC06sWIRoUPSZ21NA6IXdZLxcyne10oPe6HUFQAeq78nEuIrNfJd3ekTGKhpLxP/89oxeGedhAdRDCygk0VeLDCEOEsK97hkFMRIE0Il17diOiA6J9B5ZiHY0y/PksZR2bbK9s1xqXqZx1FAu2gPHSAbnaIqukY1VEcUPaJn9IrejCfjxXg3Piatc0Y+s4P+wPj6AYE6n7s=</latexit><latexit sha1_base64="8E2vqHNoBWBqvGiXRLYKcHlKakA=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgupCRWfCyEohuXFewDmlom00k7dPJw5kYoIR/ixl9x40IRNy4E/8ZJm4W2HrhwOOde7r3HjQRXYFnfxtz8wuLScmGluLq2vrFpbm03VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHV5nffGBS8TC4hVHEOj7pB9zjlICWumYF7s7xBXY8SWhip4mj7iUkJ2mKnUPsuB62uwl2pI8rDnCfKVxJi12zZJWtMfAssXNSQjlqXfPT6YU09lkAVBCl2rYVQSchEjgVLC06sWIRoUPSZ21NA6IXdZLxcyne10oPe6HUFQAeq78nEuIrNfJd3ekTGKhpLxP/89oxeGedhAdRDCygk0VeLDCEOEsK97hkFMRIE0Il17diOiA6J9B5ZiHY0y/PksZR2bbK9s1xqXqZx1FAu2gPHSAbnaIqukY1VEcUPaJn9IrejCfjxXg3Piatc0Y+s4P+wPj6AYE6n7s=</latexit><latexit sha1_base64="8E2vqHNoBWBqvGiXRLYKcHlKakA=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgupCRWfCyEohuXFewDmlom00k7dPJw5kYoIR/ixl9x40IRNy4E/8ZJm4W2HrhwOOde7r3HjQRXYFnfxtz8wuLScmGluLq2vrFpbm03VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHV5nffGBS8TC4hVHEOj7pB9zjlICWumYF7s7xBXY8SWhip4mj7iUkJ2mKnUPsuB62uwl2pI8rDnCfKVxJi12zZJWtMfAssXNSQjlqXfPT6YU09lkAVBCl2rYVQSchEjgVLC06sWIRoUPSZ21NA6IXdZLxcyne10oPe6HUFQAeq78nEuIrNfJd3ekTGKhpLxP/89oxeGedhAdRDCygk0VeLDCEOEsK97hkFMRIE0Il17diOiA6J9B5ZiHY0y/PksZR2bbK9s1xqXqZx1FAu2gPHSAbnaIqukY1VEcUPaJn9IrejCfjxXg3Piatc0Y+s4P+wPj6AYE6n7s=</latexit>
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<latexit sha1_base64="lOlFbZtZzqPJ3F9au1FO7h8u5l0="></latexit><latexit sha1_base64="lOlFbZtZzqPJ3F9au1FO7h8u5l0="></latexit><latexit sha1_base64="lOlFbZtZzqPJ3F9au1FO7h8u5l0="></latexit><latexit sha1_base64="lOlFbZtZzqPJ3F9au1FO7h8u5l0="></latexit>

@µj
µ
�A

= �2
↵0

8⇡
G0G̃0

<latexit sha1_base64="rZOIrMHagAL7pbmW5xAttxrfzFg="></latexit><latexit sha1_base64="rZOIrMHagAL7pbmW5xAttxrfzFg="></latexit><latexit sha1_base64="rZOIrMHagAL7pbmW5xAttxrfzFg="></latexit><latexit sha1_base64="rZOIrMHagAL7pbmW5xAttxrfzFg="></latexit>

The     Pseudoscalars⌘0
<latexit sha1_base64="E2NUGMQ0vCa2bhCyMZUcjy8k5Kk="></latexit><latexit sha1_base64="E2NUGMQ0vCa2bhCyMZUcjy8k5Kk="></latexit><latexit sha1_base64="E2NUGMQ0vCa2bhCyMZUcjy8k5Kk="></latexit><latexit sha1_base64="E2NUGMQ0vCa2bhCyMZUcjy8k5Kk="></latexit>
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<latexit sha1_base64="Kj8pZm3M0nYvIIGTRlCk2BKZclE="></latexit><latexit sha1_base64="Kj8pZm3M0nYvIIGTRlCk2BKZclE="></latexit><latexit sha1_base64="Kj8pZm3M0nYvIIGTRlCk2BKZclE="></latexit><latexit sha1_base64="Kj8pZm3M0nYvIIGTRlCk2BKZclE="></latexit>
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<latexit sha1_base64="MK0CWZX4tQCOiPiHz3Zr4Yps154="></latexit><latexit sha1_base64="MK0CWZX4tQCOiPiHz3Zr4Yps154="></latexit><latexit sha1_base64="MK0CWZX4tQCOiPiHz3Zr4Yps154="></latexit><latexit sha1_base64="MK0CWZX4tQCOiPiHz3Zr4Yps154="></latexit>

❖ The dynamical axions above and below

⇤CUT
<latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit>

⇤CUT
<latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit>
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<latexit sha1_base64="MgLkh6cq+pW6hVKo93zC6zaxGFA="></latexit><latexit sha1_base64="MgLkh6cq+pW6hVKo93zC6zaxGFA="></latexit><latexit sha1_base64="MgLkh6cq+pW6hVKo93zC6zaxGFA="></latexit><latexit sha1_base64="MgLkh6cq+pW6hVKo93zC6zaxGFA="></latexit>

❖ Note that the axion scale here is      and notfd
<latexit sha1_base64="SnhPmqHTB79il6YnCZ73CjY6ebk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6iAbhoFpz6+4cZJV4BalBgeag+tUPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMR1iz1JJY9R+Pj91Ss6sEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az2QjcE=</latexit><latexit sha1_base64="SnhPmqHTB79il6YnCZ73CjY6ebk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6iAbhoFpz6+4cZJV4BalBgeag+tUPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMR1iz1JJY9R+Pj91Ss6sEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az2QjcE=</latexit><latexit sha1_base64="SnhPmqHTB79il6YnCZ73CjY6ebk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6iAbhoFpz6+4cZJV4BalBgeag+tUPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMR1iz1JJY9R+Pj91Ss6sEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az2QjcE=</latexit><latexit sha1_base64="SnhPmqHTB79il6YnCZ73CjY6ebk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6iAbhoFpz6+4cZJV4BalBgeag+tUPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMR1iz1JJY9R+Pj91Ss6sEpIoUbakIXP190ROY60ncWA7Y2pGetmbif95vcxE137OZZoZlGyxKMoEMQmZ/U1CrpAZMbGEMsXtrYSNqKLM2HQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az2QjcE=</latexit>

⇤CUT
<latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit>

The Dynamical Axions
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The Pseudoscalar Mass Matrix
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<latexit sha1_base64="JhXzM9apmC2FC8jIYHK8N0s32ZU="></latexit><latexit sha1_base64="JhXzM9apmC2FC8jIYHK8N0s32ZU="></latexit><latexit sha1_base64="JhXzM9apmC2FC8jIYHK8N0s32ZU="></latexit>

The 
instanton 
contribution

The
instanton 
contribution

SU(3)diag
<latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit>

SU(3)0
<latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit><latexit sha1_base64="stTYEd7jUQSdQP5ya2zkcIvmAI0=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLEC9lVEz0SvXjE6AIJbEi3dKHSbTdt14Rs+A9ePGiMV/+PN/+NBfag6EsmeXlvJjPzwoQzbVz3yyksLa+srhXXSxubW9s75d29ppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWOrqd+65EqzaS4N+OEBjEeCBYxgo2Vmnd+9ezkuFeuuDV3BvSXeDmpQI5Gr/zZ7UuSxlQYwrHWHc9NTJBhZRjhdFLqppommIzwgHYsFTimOshm107QkVX6KJLKljBopv6cyHCs9TgObWeMzVAvelPxP6+TmugyyJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgrf48l/SPK15bs27Pa/Ur/I4inAAh1AFDy6gDjfQAB8IPMATvMCrI51n5815n7cWnHxmH37B+fgG7sWOCQ==</latexit>

⇤diag ⇠ few TeV
<latexit sha1_base64="j3ReOMkQqCZUICq/TFOqp2WU1ko=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0RtAzaWFhEyAuyIczO3k2GzD6YuauGJZ9g46/YWChia2nn3zh5FJp4YOBwzrncucdLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLU8pkGKCOooUEIrUcBCT0LTG1yN/eYdKC3iqIbDBDoh60UiEJyhkbrFY/fGhH3WdREeMPMF642oq0VIp0IA97QGjVG3WLLL9gR0kTgzUiIzVLvFL9ePeRpChFwyrduOnWAnYwoFlzAquKmGhPEB60Hb0IiFoDvZ5KARPTKKT4NYmRchnai/JzIWaj0MPZMMGfb1vDcW//PaKQYXnUxESYoQ8emiIJUUYzpuh/pCAUc5NIRxJcxfKe8zxTiaDgumBGf+5EXSOC07dtm5PStVLmd15MkBOSQnxCHnpEKuSZXUCSeP5Jm8kjfryXqx3q2PaTRnzWb2yR9Ynz8txZ1K</latexit><latexit sha1_base64="j3ReOMkQqCZUICq/TFOqp2WU1ko=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0RtAzaWFhEyAuyIczO3k2GzD6YuauGJZ9g46/YWChia2nn3zh5FJp4YOBwzrncucdLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLU8pkGKCOooUEIrUcBCT0LTG1yN/eYdKC3iqIbDBDoh60UiEJyhkbrFY/fGhH3WdREeMPMF642oq0VIp0IA97QGjVG3WLLL9gR0kTgzUiIzVLvFL9ePeRpChFwyrduOnWAnYwoFlzAquKmGhPEB60Hb0IiFoDvZ5KARPTKKT4NYmRchnai/JzIWaj0MPZMMGfb1vDcW//PaKQYXnUxESYoQ8emiIJUUYzpuh/pCAUc5NIRxJcxfKe8zxTiaDgumBGf+5EXSOC07dtm5PStVLmd15MkBOSQnxCHnpEKuSZXUCSeP5Jm8kjfryXqx3q2PaTRnzWb2yR9Ynz8txZ1K</latexit><latexit sha1_base64="j3ReOMkQqCZUICq/TFOqp2WU1ko=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0RtAzaWFhEyAuyIczO3k2GzD6YuauGJZ9g46/YWChia2nn3zh5FJp4YOBwzrncucdLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLU8pkGKCOooUEIrUcBCT0LTG1yN/eYdKC3iqIbDBDoh60UiEJyhkbrFY/fGhH3WdREeMPMF642oq0VIp0IA97QGjVG3WLLL9gR0kTgzUiIzVLvFL9ePeRpChFwyrduOnWAnYwoFlzAquKmGhPEB60Hb0IiFoDvZ5KARPTKKT4NYmRchnai/JzIWaj0MPZMMGfb1vDcW//PaKQYXnUxESYoQ8emiIJUUYzpuh/pCAUc5NIRxJcxfKe8zxTiaDgumBGf+5EXSOC07dtm5PStVLmd15MkBOSQnxCHnpEKuSZXUCSeP5Jm8kjfryXqx3q2PaTRnzWb2yR9Ynz8txZ1K</latexit><latexit sha1_base64="j3ReOMkQqCZUICq/TFOqp2WU1ko=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0RtAzaWFhEyAuyIczO3k2GzD6YuauGJZ9g46/YWChia2nn3zh5FJp4YOBwzrncucdLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLU8pkGKCOooUEIrUcBCT0LTG1yN/eYdKC3iqIbDBDoh60UiEJyhkbrFY/fGhH3WdREeMPMF642oq0VIp0IA97QGjVG3WLLL9gR0kTgzUiIzVLvFL9ePeRpChFwyrduOnWAnYwoFlzAquKmGhPEB60Hb0IiFoDvZ5KARPTKKT4NYmRchnai/JzIWaj0MPZMMGfb1vDcW//PaKQYXnUxESYoQ8emiIJUUYzpuh/pCAUc5NIRxJcxfKe8zxTiaDgumBGf+5EXSOC07dtm5PStVLmd15MkBOSQnxCHnpEKuSZXUCSeP5Jm8kjfryXqx3q2PaTRnzWb2yR9Ynz8txZ1K</latexit>

⇤SSI . 104 TeV
<latexit sha1_base64="tmwL7a38uIvB6ZNp+MBzv9ixNA4=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0JaBm0UbCI5AnZGGYnN8mQ2Qczd8Ww5BNs/BUbC0VsLe38GyePQhMPDBzOOZc793iRFBpt+9tKLS2vrK6l1zMbm1vbO9ndvZoOY8WhykMZqobHNEgRQBUFSmhECpjvSah7g8uxX78HpUUYVHAYQctnvUB0BWdopHb22L0x4Q5rJ+Xy9Yi6ErTWwqeOfVegLsIDJrQCtVE7m7Pz9gR0kTgzkiMzlNrZL7cT8tiHALlkWjcdO8JWwhQKLmGUcWMNEeMD1oOmoQHzQbeSyUEjemSUDu2GyrwA6UT9PZEwX+uh75mkz7Cv572x+J/XjLF73kpEEMUIAZ8u6saSYkjH7dCOUMBRDg1hXAnzV8r7TDGOpsOMKcGZP3mR1E7zjp13bgu54sWsjjQ5IIfkhDjkjBTJFSmRKuHkkTyTV/JmPVkv1rv1MY2mrNnMPvkD6/MHM/ucCw==</latexit><latexit sha1_base64="tmwL7a38uIvB6ZNp+MBzv9ixNA4=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0JaBm0UbCI5AnZGGYnN8mQ2Qczd8Ww5BNs/BUbC0VsLe38GyePQhMPDBzOOZc793iRFBpt+9tKLS2vrK6l1zMbm1vbO9ndvZoOY8WhykMZqobHNEgRQBUFSmhECpjvSah7g8uxX78HpUUYVHAYQctnvUB0BWdopHb22L0x4Q5rJ+Xy9Yi6ErTWwqeOfVegLsIDJrQCtVE7m7Pz9gR0kTgzkiMzlNrZL7cT8tiHALlkWjcdO8JWwhQKLmGUcWMNEeMD1oOmoQHzQbeSyUEjemSUDu2GyrwA6UT9PZEwX+uh75mkz7Cv572x+J/XjLF73kpEEMUIAZ8u6saSYkjH7dCOUMBRDg1hXAnzV8r7TDGOpsOMKcGZP3mR1E7zjp13bgu54sWsjjQ5IIfkhDjkjBTJFSmRKuHkkTyTV/JmPVkv1rv1MY2mrNnMPvkD6/MHM/ucCw==</latexit><latexit sha1_base64="tmwL7a38uIvB6ZNp+MBzv9ixNA4=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0JaBm0UbCI5AnZGGYnN8mQ2Qczd8Ww5BNs/BUbC0VsLe38GyePQhMPDBzOOZc793iRFBpt+9tKLS2vrK6l1zMbm1vbO9ndvZoOY8WhykMZqobHNEgRQBUFSmhECpjvSah7g8uxX78HpUUYVHAYQctnvUB0BWdopHb22L0x4Q5rJ+Xy9Yi6ErTWwqeOfVegLsIDJrQCtVE7m7Pz9gR0kTgzkiMzlNrZL7cT8tiHALlkWjcdO8JWwhQKLmGUcWMNEeMD1oOmoQHzQbeSyUEjemSUDu2GyrwA6UT9PZEwX+uh75mkz7Cv572x+J/XjLF73kpEEMUIAZ8u6saSYkjH7dCOUMBRDg1hXAnzV8r7TDGOpsOMKcGZP3mR1E7zjp13bgu54sWsjjQ5IIfkhDjkjBTJFSmRKuHkkTyTV/JmPVkv1rv1MY2mrNnMPvkD6/MHM/ucCw==</latexit><latexit sha1_base64="tmwL7a38uIvB6ZNp+MBzv9ixNA4=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0JaBm0UbCI5AnZGGYnN8mQ2Qczd8Ww5BNs/BUbC0VsLe38GyePQhMPDBzOOZc793iRFBpt+9tKLS2vrK6l1zMbm1vbO9ndvZoOY8WhykMZqobHNEgRQBUFSmhECpjvSah7g8uxX78HpUUYVHAYQctnvUB0BWdopHb22L0x4Q5rJ+Xy9Yi6ErTWwqeOfVegLsIDJrQCtVE7m7Pz9gR0kTgzkiMzlNrZL7cT8tiHALlkWjcdO8JWwhQKLmGUcWMNEeMD1oOmoQHzQbeSyUEjemSUDu2GyrwA6UT9PZEwX+uh75mkz7Cv572x+J/XjLF73kpEEMUIAZ8u6saSYkjH7dCOUMBRDg1hXAnzV8r7TDGOpsOMKcGZP3mR1E7zjp13bgu54sWsjjQ5IIfkhDjkjBTJFSmRKuHkkTyTV/JmPVkv1rv1MY2mrNnMPvkD6/MHM/ucCw==</latexit>
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Model II: Addition of a Second Scalar and Explicit 
Lagrangian

�84

� ! {�1,�2}
<latexit sha1_base64="b2xJl7r0idftWYVN0mMlw0iF3wY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiLlxWsA/oDCWT3mlDMw+SO0IZ+gFu/BU3LhRx6we4829M2xG09UDg5Jx7Sc7xEyk02vaXtbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rHpQWcXSHowS8kPUjEQjO0EjdUtm9BomMuhhTN6OzW9c5/WFV6o7NlF2xp6CLxMlJmeSod0ufbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9k0zJgeG6VHg1iZEyGdqr83MhZqPQp9MxkyHOh5byL+53VSDC68TERJihDx2UNBKqlJPmmG9oQCjnJkCONKmL9SPmCKcTT9FU0JznzkRdKsVhy74tyelWuXeR0FckiOyAlxyDmpkRtSJw3CyQN5Ii/k1Xq0nq036302umTlOwfkD6yPbxPFmbc=</latexit><latexit sha1_base64="b2xJl7r0idftWYVN0mMlw0iF3wY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiLlxWsA/oDCWT3mlDMw+SO0IZ+gFu/BU3LhRx6we4829M2xG09UDg5Jx7Sc7xEyk02vaXtbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rHpQWcXSHowS8kPUjEQjO0EjdUtm9BomMuhhTN6OzW9c5/WFV6o7NlF2xp6CLxMlJmeSod0ufbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9k0zJgeG6VHg1iZEyGdqr83MhZqPQp9MxkyHOh5byL+53VSDC68TERJihDx2UNBKqlJPmmG9oQCjnJkCONKmL9SPmCKcTT9FU0JznzkRdKsVhy74tyelWuXeR0FckiOyAlxyDmpkRtSJw3CyQN5Ii/k1Xq0nq036302umTlOwfkD6yPbxPFmbc=</latexit><latexit sha1_base64="b2xJl7r0idftWYVN0mMlw0iF3wY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiLlxWsA/oDCWT3mlDMw+SO0IZ+gFu/BU3LhRx6we4829M2xG09UDg5Jx7Sc7xEyk02vaXtbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rHpQWcXSHowS8kPUjEQjO0EjdUtm9BomMuhhTN6OzW9c5/WFV6o7NlF2xp6CLxMlJmeSod0ufbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9k0zJgeG6VHg1iZEyGdqr83MhZqPQp9MxkyHOh5byL+53VSDC68TERJihDx2UNBKqlJPmmG9oQCjnJkCONKmL9SPmCKcTT9FU0JznzkRdKsVhy74tyelWuXeR0FckiOyAlxyDmpkRtSJw3CyQN5Ii/k1Xq0nq036302umTlOwfkD6yPbxPFmbc=</latexit><latexit sha1_base64="b2xJl7r0idftWYVN0mMlw0iF3wY=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmaKoMuiLlxWsA/oDCWT3mlDMw+SO0IZ+gFu/BU3LhRx6we4829M2xG09UDg5Jx7Sc7xEyk02vaXtbS8srq2Xtgobm5t7+yW9vabOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q+vJn7rHpQWcXSHowS8kPUjEQjO0EjdUtm9BomMuhhTN6OzW9c5/WFV6o7NlF2xp6CLxMlJmeSod0ufbi/maQgRcsm07jh2gl7GFAouYVx0Uw0J40PWh46hEQtBe9k0zJgeG6VHg1iZEyGdqr83MhZqPQp9MxkyHOh5byL+53VSDC68TERJihDx2UNBKqlJPmmG9oQCjnJkCONKmL9SPmCKcTT9FU0JznzkRdKsVhy74tyelWuXeR0FckiOyAlxyDmpkRtSJw3CyQN5Ii/k1Xq0nq036302umTlOwfkD6yPbxPFmbc=</latexit>

❖ Instead of adding the massless    , we include a second       
field

�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

❖ Using both scalars, we can give the                             theory a 
PQ symmetry

SU(6)⇥ SU(3)0
<latexit sha1_base64="CwiF33K27qjqrK6yTsYFs0JpuLo=">AAAB+3icbZDNTgIxFIU7+If4N+LSTSMxwobMqFGXRDcuMTpAAhPSKQUaOp1Je8dIJryKGxca49YXcefbWGAWCp6kyZdz7829PUEsuAbH+bZyK6tr6xv5zcLW9s7unr1fbOgoUZR5NBKRagVEM8El84CDYK1YMRIGgjWD0c203nxkSvNIPsA4Zn5IBpL3OSVgrK5dvPfKF5UO8JBpbPisctK1S07VmQkvg5tBCWWqd+2vTi+iScgkUEG0brtODH5KFHAq2KTQSTSLCR2RAWsblMTs8tPZ7RN8bJwe7kfKPAl45v6eSEmo9TgMTGdIYKgXa1Pzv1o7gf6Vn3IZJ8AknS/qJwJDhKdB4B5XjIIYGyBUcXMrpkOiCAUTV8GE4C5+eRkap1XXqbp356XadRZHHh2iI1RGLrpENXSL6shDFD2hZ/SK3qyJ9WK9Wx/z1pyVzRygP7I+fwAQOpJ/</latexit><latexit sha1_base64="CwiF33K27qjqrK6yTsYFs0JpuLo=">AAAB+3icbZDNTgIxFIU7+If4N+LSTSMxwobMqFGXRDcuMTpAAhPSKQUaOp1Je8dIJryKGxca49YXcefbWGAWCp6kyZdz7829PUEsuAbH+bZyK6tr6xv5zcLW9s7unr1fbOgoUZR5NBKRagVEM8El84CDYK1YMRIGgjWD0c203nxkSvNIPsA4Zn5IBpL3OSVgrK5dvPfKF5UO8JBpbPisctK1S07VmQkvg5tBCWWqd+2vTi+iScgkUEG0brtODH5KFHAq2KTQSTSLCR2RAWsblMTs8tPZ7RN8bJwe7kfKPAl45v6eSEmo9TgMTGdIYKgXa1Pzv1o7gf6Vn3IZJ8AknS/qJwJDhKdB4B5XjIIYGyBUcXMrpkOiCAUTV8GE4C5+eRkap1XXqbp356XadRZHHh2iI1RGLrpENXSL6shDFD2hZ/SK3qyJ9WK9Wx/z1pyVzRygP7I+fwAQOpJ/</latexit><latexit sha1_base64="CwiF33K27qjqrK6yTsYFs0JpuLo=">AAAB+3icbZDNTgIxFIU7+If4N+LSTSMxwobMqFGXRDcuMTpAAhPSKQUaOp1Je8dIJryKGxca49YXcefbWGAWCp6kyZdz7829PUEsuAbH+bZyK6tr6xv5zcLW9s7unr1fbOgoUZR5NBKRagVEM8El84CDYK1YMRIGgjWD0c203nxkSvNIPsA4Zn5IBpL3OSVgrK5dvPfKF5UO8JBpbPisctK1S07VmQkvg5tBCWWqd+2vTi+iScgkUEG0brtODH5KFHAq2KTQSTSLCR2RAWsblMTs8tPZ7RN8bJwe7kfKPAl45v6eSEmo9TgMTGdIYKgXa1Pzv1o7gf6Vn3IZJ8AknS/qJwJDhKdB4B5XjIIYGyBUcXMrpkOiCAUTV8GE4C5+eRkap1XXqbp356XadRZHHh2iI1RGLrpENXSL6shDFD2hZ/SK3qyJ9WK9Wx/z1pyVzRygP7I+fwAQOpJ/</latexit><latexit sha1_base64="CwiF33K27qjqrK6yTsYFs0JpuLo=">AAAB+3icbZDNTgIxFIU7+If4N+LSTSMxwobMqFGXRDcuMTpAAhPSKQUaOp1Je8dIJryKGxca49YXcefbWGAWCp6kyZdz7829PUEsuAbH+bZyK6tr6xv5zcLW9s7unr1fbOgoUZR5NBKRagVEM8El84CDYK1YMRIGgjWD0c203nxkSvNIPsA4Zn5IBpL3OSVgrK5dvPfKF5UO8JBpbPisctK1S07VmQkvg5tBCWWqd+2vTi+iScgkUEG0brtODH5KFHAq2KTQSTSLCR2RAWsblMTs8tPZ7RN8bJwe7kfKPAl45v6eSEmo9TgMTGdIYKgXa1Pzv1o7gf6Vn3IZJ8AknS/qJwJDhKdB4B5XjIIYGyBUcXMrpkOiCAUTV8GE4C5+eRkap1XXqbp356XadRZHHh2iI1RGLrpENXSL6shDFD2hZ/SK3qyJ9WK9Wx/z1pyVzRygP7I+fwAQOpJ/</latexit>

L 3 qq0R �⇤
1 QL + uu

0
L �2 UR + dd

0
L �2 DR + h.c.

<latexit sha1_base64="tZ9dBcpCYahSxWJCyPlJUw6rH04="></latexit><latexit sha1_base64="tZ9dBcpCYahSxWJCyPlJUw6rH04="></latexit><latexit sha1_base64="tZ9dBcpCYahSxWJCyPlJUw6rH04="></latexit>

PQ{�1,�2, q0R, u
0
L, d

0
L} = {+1,�1,+1,+1,+1}

<latexit sha1_base64="gwl0Xr3lEHu4GTf2OKK4+oxLs4E="></latexit><latexit sha1_base64="gwl0Xr3lEHu4GTf2OKK4+oxLs4E="></latexit><latexit sha1_base64="gwl0Xr3lEHu4GTf2OKK4+oxLs4E="></latexit><latexit sha1_base64="gwl0Xr3lEHu4GTf2OKK4+oxLs4E="></latexit>



Thank you!


